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PREFACE. 



During an experience in the telephone field as engineer 
for various operating companies, the need has often been felt 
for a handbook which would contain, in handy, ready-refer- 
ence form, the principal data which is required almost daily 
by those who have to do with modern cable plant layout, 
installation and maintenance. Following out this idea, the 
matter in the succeeding pages has been compiled. 

The title ''Telephone Cables" is perhaps a misnomer, as 
there are many features of telephone cable work and appli- 
ances of merit, which are not described. Among those which 
might be noted are detail methods of using cable in interior 
block distribution, switchboard and building cables, the in- 
stallation of submarine cables, and various appurtenances 
which in some sections of the country enter into the con- 
struction of the cable plant. While these matters are im- 
^ portant, they are not of daily concern to the majority of 
^telephone cable men, and when occasion for their use does 
^ arise, can be found described in the standard works of Arthur 
Vaughan Abbott, Kempster B. Miller, and other authorities. 
^ Furthermore, the aim has been not to make a big book, but 
I an every-day, useful one. 

5 

( It should be borne in mind that no hard and fast rules 

can be laid down for telephone cable work on account of 
the varying conditions and costs in difiPerent sections of the 
country, and that the value of any given economy is directly 
dependent on local conditions. For this reason the recom- 
mendations made herein, while representative of the best 
modem practice, should be followed with discretion. 

It is desired here to pay a tribute to the memory of 
Mjrron C. Clark, whose encouragement had much to do with 
the preparation of the present volume. 



May 1, 1913. 



J. C. S. 
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TELEPHONE CABLES. 



CHAPTER I. 
CABLE SPECIFICATIONS. 

General: — ^From the earliest stage of the telephone in- 
dustry, many wires had to be handled in the back of switch- 
boards. In order to systematize them and to economize 
space, they were formed into cables; hence the invention of 
the switchboard cable. Then came the difficulty of carrying 
great numbers of wires through the streets to reach sub- 
scribers' residences, so various forms of subscriber cables 
were designed. 

The term cable as here used will be limited to cables 
employed in outside telephone construction work at the 
present time. Under this classification are five principal 
kinds, each one of which has a special use. These are 
^known as lead covered dry core, lead covered wool insulated, 
lead covered rubber, okonite and submarine. In taking up 
the discussion of the several kinds, a short description of 
the use, electrical and mechanical requirements of each cable 
and a complete specification for lead covered dry core cable 
with No. 22 B. & S. grauge conductors will be given. With 
this information it is a comparatively simple matter \o draft 
specifications for any kind of cable which will operate to 
prevent the furnishing of cable not up to standard. 

Lead Covered Dry Core Cable: — Lead covered dry core 
cable has been adopted for general use in telephone work 
because of its low electrostatic capacity, durability, high in- 
sulation resistance and cheapness as compared with rubber 
covered or other varieties of cable. It is made in sizes 
ranging from 10 to 600 pairs, with conductors from No. 22 
to No. 10 gauge, and having different electrostatic capacities, 
according to the service requirements. 

In making lead covered dry cott c:^\3\^ t-aLOcv ^qtoAj^rN-'^' 

J3 wsulated with one or two wtappm^^ oi nJci^ Vx^^^*^^"^^ 

paper tape. After receiving this co^jetKtv^ ^^^ ^^ ^^"^ 
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conductors are twisted into pairs, the lengtli of twist de- 
pending upon the gauge of (he cable, and ihese pairs formed 
into a core arranged in reversed layers. This core is then 
given a wrapping of heavy paper, baked thoroughly dry, 
and covered with a lead sheath. The insulation of dry core 
cable remains high until the lead sheath is injured to such 
an extent that it will admit moisture, which gives so much 
trouble as to necessitate immediate repair. Fig. 1 represents 
a high type of dry core cable, from a photograph loaned by 
the Standard Underground Cable Company. 




Fig. 1. Lead Covered Dry Core Cable. 

It will be noted that the specifications given for lead 
covered dry core cable provide for a color scheme in the 
insulation of the conductors of cables of two hundred pairs 
and over. This is considered an economy 'on account of 
the saving of splicer's time in testing out the cable, and 
because there is very much less damage done to the insula- 
tion of the wires in picking out pairs in a tap splice or in 
case of trouble. The additional cost of this feature is about 
one-eighth of a cent per foot for each group of pairs so 
distinctively colored, making the cost of a four hundred 
foot length of 400 pair cable under this specification S2.00 
more than for the ordinary cable. 

TAe methods of testing cables for electrostatic capacity 
w Ai7o«.n as the 'VroDiided" test and the "touV>\4\" \*s\. 
■*■? grounded test the capacity o! each wire \a tnta.sviTe4 
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against all remaining wires grounded to the sheath. The 
mutual test consists of measuring the capacity between one 
wire of a pair and its mate, the remaining conductors and 
the slieath being grounded. The mutual test is now standard 
practice with the majority of telephone companies, as the 
influence of capacity on voice currents is dependent upon 
the amount of mutual or shunt capacity. 

The remaining requirements of the specifications are so 
familiar to cable men as to need no comment. 

Gauges of Cables: — ^The gauge of wire to use in any 
portion of the cable plant is dependent upon the grade of 
tranismission which it is desired to provide for the district, 
the average length of subscriber and trunk lines, and the 
amount of trunking between offices. Where no particular 
data affecting the above is at hand, the following limits may 
be observed. 

No. 22 B. & S. gauge cable with an average mutual 
electrostatic capacity of .069 microfarads per mile is used 
for all subscriber loops (distance between the terminal on 
a cable and the central office) when the length of the cable 
will not make the resistance of the loop over 400 ohms for 
single ofiice districts, and 300 ohms for multi-office districts. 
The length of loop for which this cable is used should not 
exceed 1^ miles. 

No. 19 B. & S. gauge cable with an average mutual 
electrostatic capacity of .080 microfarads per mile is used 
for subscriber loops having a length not exceeding 
Shi miles. It is evident that in cases in which the 
distance of the terminal from the office is more than 1^ 
miles and less than 3% miles, the most economical cable 
would be a combination of cables having No. 22 and No. 
19 gauge conductors. For these cases, the following com- 
binations are recommended, the 22 gauge cable being placed 
a^ the central office end of the line. 
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TABLE I. 

LIMITING LENGTHS OF SUBSCRIBER CABLES. 

Loops having length of to 1^ miles, use 22 gauge cable 
Loops having length of 1^ to 2 miles, use 

1^ miles of 22 gauge cable 
% mile of 19 gauge cable 
Loops having length of 2 to 234 miles, use 

1 mile of 22 gauge cable 
1% mile of 19 gauge cable 

Loops having length of 234 to 23& miles, use 

^ mile of 22 gauge cable 

2 miles of 19 gauge cable 
Loops having length of 2Mi to 2^ miles, use 

34 mile of 22 gauge cable 

2j4 miles of 19 gauge cable 

Loop having length of 2^ to 3% miles, use 19 gauge cable 

No. 19 B. & S. gauge cable with an average mutual 
electrostatic capacity of .054 microfarads per mile is used 
for toll or trunk lines of considerable length that are used 
in connection with toll lines. Cables having conductors of 
larger size are used for toll lines of greater length, being 
designed for use in connection with loading coils and phan- 
tom circuits. 

Specifications for Lead Covered Dry Core Cable With 
No. 22 B. & S. Gauge Conductors: 

These specifications apply to cables of four hundred 
(400) pairs and less of No. 22 Brown and Sharpe gauge con- 
ductors. 

Agreement: — ^The materials used in the manufacture of 
the cable must be of the quality herein specified and the elec- 
trical properties and the methods of manufacture must be 
those called for herein. The quality of the materials used 
and the electrical properties of the cable shall be determined 
by the manufacturer before the cable is delivered. 

TAe teJephone company is to have the rigVit \.o m^kt 
^J'ff'^^f^ ^/ the quality of the materials used, ^.tvd ol \Nv^ 
^yc3/ properties of the finished cable, as it m^^y dtsvit. 
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The inspector of the telephone company is to have the 
power to reject the cable should the qualities of the ma- 
terials used or the electrical properties of the cable fall 
below the requirements herein specified. 

The manufacturer shall guarantee that for one year 
from the time cables are placed, spliced and connected to 
terminals, the electrostatic capacity and the resistance of 
the conductors shall not have increased, nor the insulation 
resistance have decreased, beyond the limits herein specified, 
due to defective material or manufacture. The manufac- 
turer, shall, however, not be responsible for the failure of 
cables brought about by injuries to the sheath or conductors 
due to causes beyond his control. 

Conductors: — Each conductor shall be of soft copper 
and of such conductivity as will insure, at all seasons of 
the year, a conductor resistance for each length of cable, of 
not more than ninety-five (95) ohms for each mile of cable. 

Insulation: — Each conductor shall be insulated with 
paper tape laid spirally around the wire; each turn of the 
paper tape shall cover at least fifty (50) per cent, of the 
turn preceding it. The thickness of the paper shall be at 
least twenty-five ten-thousandths (.0025) of an inch. 

Core: — ^The insulated conductors, colored as specified, 
shall be twisted in pairs, the length of twist not to exceed 
three (3) inches, and formed into a cylindrical core arranged 
in reversed layers. In the outside layer of the core shall 
be carried a test pair which shall be colored distinctively 
in such a manner as to be readily distinguishable from any 
other pair in the cable. The core shall be covered with two 
wrappings of paper, the paper to be not less than four thou- 
sandths (.004) of an inch in thickness, and to be so laid on 
that all portions of the core are covered with at least two 
thickness of paper. 

Colors pf Pairs: — Cables of two hundred (200) pairs or 
more shall have the insulation of the conductors colored as 
follows : 

Pairs 1 to 100, red and white. 

Pairs 101 to 200, blue and wVv\\.t. 
Pairs 201 to JOG, green and vjViVtt. 
Pairs 301 to 400, red and green. 
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The test pair shall be colored red and blue. 

The different colored pairs shall take the following posi- 
tions in the core: The center of the core shall consist of 
the blue and white pairs (101-200); the next layers of the 
red and white pairs (1-100); the next layers of the green 
and white pairs (201-300); and the next layers of the red 
and green pairs (301-400). 

Filling of Ends: — ^The ends of each and every length 
of cable shall be filled with an approved insulating com- 
pound, which shall seal the cable for a distance of at least 
two (2) feet. 

Sheath: — ^The core shall be enclosed in a sheath of 
uniform thickness composed of lead and tin, the amount of 
tin to be not less than three (3) per cent. The sheath shall 
be formed around the core, and shall be free from holes or 
other defects. The thickness of the sheath shall be in ac- 
cordance with Table II. 

TABLE XL 

THICKNESS OF SHEATH, 22 GAUGE CABLE. 

Number of Pairs. Thickness of Sheath. 

1 to 99 pairs inclusive. Not less than 1/12" (.083) 

100 to 199 pairs inclusive, Not less than 3/32" (.094) 

20O pairs and over, Not less than 1/8" (.125) 

The outside diameter of the cable manufactured under 
these specifications shall not be more than two and five- 
eighths (25^) inches. 

Electrostatic Capacity: — In every length of cable, the 
average mutual electrostatic capacity, at any season of the 
year, measured between one wire of a pair and its mate 
(the remainder of the conductors and the sheath being 
grounded) shall not exceed sixty-nine thousandths (.069) 
of a microfarad per mile of cable. The mutual electrostatic 
capacity of any pair of the cable so measured shall not ex- 
ceed seventy eight-thousandths (.078) of a microfarad per 
jn})e ol caWe, 

^^^^c /iffures apply only to the paper cab\e, ?Ltvd ^to^^i 
^Hrauce must be made for the rubber covered vivt^l u?>?ieL 



, CABLE SPECIFICATIONS 11 

Insulation Resistance: — Each wire shall have for each 
length of cable an insulation resistance of not less than 
five hundred (500) megohms per mile of cable, each wire 
being measured against all the rest and the sheath with an 
electromotive force of from 500 to 550 volts. 

Marking of Reels: — Each reel of cable shall be plainly 
marked with the reel number, the name of the manufacturer 
of the cable, and the location of the factory to which the 
reel is to be returned; also the cable number; the number 
of feet in the reel of cable; the number of pairs in the 
cable; the gauge of wire of the cable conductors and their 
electrostatic capacity. At least eighteen (18) inches of the 
inside of the cable shall be brought out through the side of 
the reel so as to be accessible for testing. This end shall 
be securely boxed to protect it from mechanical injury. The 
outside end of the cable shall be securely fastened so that 
it will not become loose duritig transportation. 

Lead Covered Dry Core Cable With No. 19 B. & S. 
Gauge Conductors, High Capacity Cable. 

These specifications apply to cables ot 300 pairs and 
less of No. 19 Brown and Sharpe gauge conductors with 
the high capacity requirement. 

Conductors: — Each conductor shall be of soft copper 
and of such conductivity as will insure, at all seasons of 
the year, a conductor resistance of not more than forty- 
seven (47) ohms for each mile of cable. 

TABLE III. 

THICKNESS OF SHEATH, NO. 19 GAUGE CABLE. 

Number of Pairs. Thickness of Sheath. 

1 to 49 pairs inclusive, Not less than 1/12" (.083) 

50 to 99 pairs inclusive. Not less than 3/32" (.094) 

100 pairs and over. Not less than 1/8" (.125) 

The outside diameter oi a.iv'^ ciXA^ xwaxk>a5L'a5L\.'o.'^^^ x^ssSj^ris 
these specifications shall not b^ moxt vVsss^ v-^^ ^^^ '^^ 
eighths (2^) inches. 
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Electrostatic Capacity: — In every length of cable, the 
average mutual electrostatic capacity, at any season of the 
year, between one wire of a pair and its mate (the remainder 
of the conductors and the sheath being grounded), shall not 
exceed eighty thousandths (.080) of a microfarad per mile 
of cs^ble. The mutual electrostatic capacity of any pair so 
measured shall not exceed eighty-seven thousandths (.087) 
of a microfarad per mile of cable. These figures apply only 
to the paper cable, and proper allowance must be made for 
the rubber covered wires used at terminals. 

Requirements for Agreement, Insulation, Core, Filling 
of Ends, Insulation Resistance and Marking of Reels shall 
be the same as for cable with No. 22 B. & S. gauge con- 
ductors. 

Lead Covered Dry Core Cable with No. 19 B. & S. 
Gauge Conductors, Low Capacity Cable. 

These specifications apply to cables of 2(X) pairs and less 
of No. 19 Brown and Sharpe gauge conductors with the low 
capacity requirement. 

Electrostatic Capacity: — In every length of cable, the 
average mutual electrostatic capacity, at any season of the 
year, measured between one wire of a pair and its mate 
(the remainder of the conductors and the sheath being 
grounded) shall not exceed fifty-four thousandths (.054) of a 
microfarad per mile of cable. The mutual electrostatic 
capacity of any pair of the cable so measured shall not ex- 
ceed sixty (.060) thousandths of a microfarad per mile of 
cable. 

Core, Length of Twist: — The insulated conductors, col- 
ored as specified, shall be twisted in pairs, the length of 
twist not to exceed six (6) inches, and formed into a cyl- 
indrical core arranged in reversed layers. 

Conductor Resistance and Thickness of Sheath shall 
be the same as for No. 19 B. & S. gauge high capacity cable; 
and requirements for Insulation, Filling of Ends, Insulation 

^^M/s/ajice, Agreement and Marking of Reels as for No. 22 

R & S. grausre cable. 
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Lead Covered Dry Core Cable with No. 16 B. & S. 
Gauge Conductors. 

These specifications apply to cables of 100 pairs and 
less of No. 16 Brown and Sharpe gauge conductors. 

Conductors: — Each conductor shall be of soft copper 
and of such conductivity as will insure, at all seasons of 
the year, a conductor resistance for each length of cable, of 
not more than twenty-three (23) ohms for each mile of cible. 

Electrostatic Capacity: — In every length of cable, the 
average mutual electrostatic capacity at a temperature of 
68 degrees Fahrenheit, between one wire of a pair and its 
mate (the remainder of the conductors and the sheath being 
grounded) shall not exceed seventy-two thousandths (.072) 
of a microfarad per mile of cable. The mutual electrostatic 
capacity of any pair of the cable so measured shall not ex- 
ceed eighty thousandths (.080) of a microfarad per mile of 
cable. 

Requirements for Agreement, Insulation, Core, Filling 
of Ends, Sheath, Insulation Resistance and Marking of Reels 
shall be the same as for low capacity cables with No. 19 
B. & S. gauge conductors. 

Lead Covered Wool Insulated Cable: — Lead covered 
wool insulated cable is used for terminating the exchange 
ends of lead covered dry core cables on the fuse rack. It 
should be of sufficient length to form a good seal for the 
dry core cable, this dimension being not less than 8 feet and 
for economy's sake not more than 50 feet. 

Each conductor is of tinned copper, usually of No. 22 
B. & S. gauge, insulated with two layers of wool wrapped 
in reversed directions. While wool insulation is not so good 
electrically as rubber, it is much stronger mechanically. The 
insulation resistance is 100 megohms or over per mile of 
cable for each conductor measured against all the rest and 
the sheath grounded. The average mutual electrostatic 
capacity for each conductor is .092 microfarads per mile, 
measured against its mate, all the other wires and the sheath 
being grounded. The lead sheath should not be U?*?. ^.Vsaccw 
1/12 of an inch in thickness lot c^XA^ o\ \^ \>7i.vt% ^x Ns-a^ 
and for larger sizes not less lYvaitv Zl'hZ ^K Ta.xwVc^O^. "^'^'^'^ "^"^ 
is made in sizes from 25 to 20^ paXts. 
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Lead Covered Rubber Cable: — This cable was devised 

for the purpose o£ taking taps out of lead covered dry core 
cable, and obviated the making of potheads on the connect- 
ing cable. So much trouble has been experienced by the 
softening of the rubber at the splice to the main cable and 
from the corrosion of the untinned dry core cable con- 
ductors by sulphur in the rubber that many cable terminals 
have been placed on the market which provide some means 
of using dry core cable as a connecting cable. See Chapter 
III, Cable Terminals. 

Lead covered rubber cable is made up with either No. 
19, No. 20, or No. 22 B. & S. gauge, tinned, soft copper con- 
ductors insulated with rubber to a thickness of about 3/32 
of an inch. The conductors are twisted in pairs, the length 
of twist being about 3 inches, and made into a core, arranged 
in reversed layers, the whole being covered with a lead 
sheath % of an inch thick. 




Fig. 2. Lead Covered Rubber Cable. 



The conductor resistance is the same as that for lead 
covered dry core cable with the same gauge conductors. 
The mutual electrostatic capacity is high, averaging .17 
microfarads per mile for cable with No. 19 B. 8i S. gaiiKC 
conductors. The insulation resistance is high when new 
(1000) megohms per mile of cable), but gradually decreases. 
Rubber cable is made in 10, IS, 25 and 50 pairs. Fig. 2 
illustrates a section of rubber cable, from a photograph 
loaned by the Standard Underground Cable Company. 

Okonhe Cable: — A class of cable which has a limited 
'fe/cf of usefulness, is known as okon'ite. It is used for 
f^^rg-ency work, and in Some cases is substiU\tc4 toi \ci4 
(fry core cable between an office po\e atid \\ift ceTiWa.\ 
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office, to obviate the high cost of potheads that would be 
required with the use of lead covered dry core cable. This 
cable is sometimes made up with large gauge conductors 
and used to bring in toll lines from the office pole to the 
central ofGce. 

Okonite cable is usually made Up with conductors of 
No. 19 B, & S. gauge soft drawn copper wire, and the core 
is formed up similar to lead covered rubber cable, except 
that the okonite cable is served with a wrapping of jute, and 
two layers of waterproof tape applied in reversed directions, 
replaces the lead sheath. The conductor resistance, insula- 
tion resistance, and electrostatic capacity are practically the 
same as that of lead covered rubber cable. 

Sometimes it is desirable to provide a cable of this class 
with a very tough, abrasion resisting sheath. For such cases 
the protecting covering may be a braid with a circular loom 
weave, saturated with waterproof compound and covered 
with small mica flakes. 

Submarine Cables: — The various kinds of submarine 
cables in use today are as follows: 




(a) A paper insulated lead covered cable •«iO^ ■iwi^^ 
saturated with a bitumii\ous, wattt^-^oo'i. ta-ro.'eQ-o.'^*'- '^■^•'" 
caWe is very well protected, as "to tast o\ toi.-^'^-i '^'^ "^ "^ "* 
ing the damage is limited to t\\e \«a& s'tvea-i-'tv- 
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(b) Standard dry core cable with the lead sheath com- 
posed of two layers, the first being % of an inch thick, and 
the second 5/32 of an inch. 

(c) Standard lead covered dry core cable wrapped with 
several layers of jute or similar material, and protected with 
an armor of No. 4 B. W. G. galvanized iron wire. Fig. 3 
illustrates a section of this class of cable, which is from a 
photograph loaned by the Standard Underground Cable Com- 
pany. The general use of this style of cable is recommended 
for submarine work. 
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CHAPTER IL 
CABLE PLANS. 

It is obvious that the economics to be affected in cable 
construction are primarily matters of systematic design, and 
because of the relatively large expenditure involved in this 
portion of the plant it becomes evident that the preparation 
of a careful plan to secure the maximum economy, both 
present and future, is warranted. 

Definition: — ^The most simple method of defining a cable 
plan is to say that it is a map which shows the location and 
sizes of all cables necessary for the most economical pro- 
vision of telephone service throughout a community for a 
number of years. 

Scope of Cable Plan: — The cable plan should consist of: 

First, a map showing the present conduit system with 
location of manholes, number of ducts between manholes, 
location of laterals to poles and buildings, engineered dis- 
tances between manholes; and the conduit extensions re- 
quired to cover the growth expected in a five year and 
ultimate period, the location and number of ducts being in- 
dicated. A specimen conduit plan is shown in Fig. 4, the 
present construction being indicated by short dotted lines, 
the construction required for a five year period by short 
dashes with alternate dashes omitted, and that for the ulti- 
mate period by long dashes. 

Second, a map showing the present underground and 
aerial cable system, and the cable extensions required to 
cover the growth expected in a five year period, the loca- 
tion, sizes and gauges of all cable being indicated. Fig. 5 
illustrates a specimen cable plan, the present plant being 
indicated by the full lines, and the construction required 
for the five year period by broken lines. It is not consid- 
ered advisable to place more cable at the present time than 
is indicated by the five years' growth. 

Basis of Plan: — Before attempting to make the cable, 
plan, some idea must be had oi tVve ivMroXiW <:i.K x.^^'^^-^"^'^ 
expected in the exchange areat atX. ImX-mt^ ^etVi^'5»^^ ^^ "^^ 
This is accomplished by making a "d^vAoT^xcv^^^' ^'^^ "5 
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each square in the exchange district, and from the character 
of the property with which it is expected to provide tele- 
phone service in the future, determining the probable num- 
ber of lines expected in each square at the end of twenty 
•years (termed the ultimate period), and the probability Of 
growth at the end of five years. The five year estimate 
serves as an indication of the probable growth of the ex- 
change between the present and ultimate time, and enables 
the distributing cable and the smaller portions of the main 
cable plant to be planned in the most economical manner. 

Skeleton Feed: — After making the development study, 
a map is prepared showing how each of the subscribers' 
lines is to be routed from the central office in. order to give 
each a service loop of minimum length. In preparing this 
map the five year and ultimate distribution of subscribers' 
lines should be copied on a blank map, the most convenient 
manner of showing the two estimates for each square being 
to place a fraction in the upper right hand corner of the 
square, the numerator representing the ultimate and the de- 
nominator the five years' estimate. The number of farmer and 
toll lines expected in five years should be shown at the points 
where they will enter the exchange district. From the skel- 
eton feed are determined the streets or alleys on which cable 
should be placed; aerial cable leads should follow the routes 
indicated by it so that when it becomes necessary to change 
' from aerial to underground construction, this can readily 
be done. The existing construction should be rearrangjed 
and extended on the map in order to reach all the prospec- 
tive subscribers, and the skeleton feed be checked over by 
an inspection of the different routes to determine their possi- 
bility and desirability. After the field inspection has been 
completed, a permanent record of the approved layout should 
be made, showing the size of cable on each lead, as de- 
scribed in the following paragraphs. 

Alley Distribution: — Often when the theoretically best 
location for a cable lead is indicated on a street, it will be 
found that it can be placed m bxi ^4\^^^tv\. tU^^-^ ^^iCc^aN^ 
undue increase in cost. As poles pV^ce^ m •?;J\^^^ ^^^ ^^ 
trlbution purposes can also be used iox ^\x^^o^>Cvsvsl ^"^^ 
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it is considered advantageous to use this form of distribu- 
tion wherever possible. Where alleys do not exist, dis- 
tribution from short poles set on private rights of way with- 
in the square may be economical. 

Underground Construction: — In the case of existing 
plant with well maintained pole lines, these should never 
be abandoned for underground construction as long as they 
are capable of continued efficient service. The investment 
in plant account will be reduced by postponing underground 
construction as long as possible consistent with such factors 
as municipal requirements, the advantages to the telephone 
company of securing the occupancy of the streets, freedom 
from interference and hazard from foreign circuits, the pos- 
sibility of expensive paving in the future, etc. A comparison 
of the annual costs on aerial and underground plant shows 
that, in general, it is economical to plan for an aerial 
capacity of 400 pairs of cable with No. 22 B. & S. gauge 
wires before placing the lead underground. Where conduit 
is installed, the capacity of the duct runs placed should be 
sufficient to care for the present requirements, plus about 
forty per cent. 

Joint Construction: — ^Where it is possible to secure a 
satisfactory agreement with an electric light company and 
have the construction work done under standard specifica- 
tions for the joint use of poles, telephone distribution will 
* in this way often be obtained at a minimum cost. 

Design of Main Cable Feeders: — On account of the 
heavy proportionate investment in main cable plant, the 
number of cable pairs entering the central office should be 
designed to care for only the immediate growth. This 
number will usually approximate to three-fourths of the 
estimated five year lines. 

The size of main cable feeders must be designed with 
reference to the following: 

(a) Present load. 

(b) The existence of a rate schedule which will permit 
immediate possibilities to be converted into sub^ccvV^^^^. 
Should changes in the rate seVvedwXe \i^ «e^^"e«;^^ "^^ x^:^'^'^^ 
rates should be predicted and ca\iU l^^^\\X^^ "^^ ^"ssCvcoa^j 

accordiDg to these rates. 
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(c) Whether the business in the territory considered 
is subject to competition. The most simple method of mak- 
ing allowance for the competing company is to estimate 
the total number of lines which such company will have ex- 
clusively in five years, and deduct this number from the five 
year distribution. 

(d) The efficiency of the contract department. This is 
taken as being sufficient to secure all subscribers estimated 
in the development plan. 

(e) As the most successful campaign for the securing 
of subscribers can be made after the installation of cable 
facilities, in making the cable plan consideration should be 
taken of the time required to construct the plant. 

Size of Cable to Install: — In studying the amiual costs 
on different sizes of cables with No. 22 B. & S. gauge con- 
ductors the following general rules for the size of cable to 
place on a lead have been deduced. The number of lines 
on each route of the skeleton feeder map should be totalled 
for the S-year and 20-year periods and a curve drawn show- 
ing the growth of each lead, the proper size of cable to 
install being determined from the schedules: 

Aerial Cable, Applied to the First Cable Placed on a Lead. 

Use 15 pair cable only wh^re it will care for the ultimate. 

Use 25 pair cable where the number of lines will not 
exceed 20 in eight years. 

Use 50 pair cable where the ntmiber of lines will not 
exceed ^ in six years. 

Use 100 pair cable where the number of lines will not 
exceed 90 in three years. 

Use 200 pair cable where the number of lines will not 
exceed 180 in five years. 

Use 300 pair cable where, the number of lines will not 
exceed 270 in six years. 

Underground Cable, With Unlimited Duct Space. 

Use 100 pair cable where the number of lines will not 
exceed 90 in two and one-half years. 

^se 200 pair cable where the number oi \Vtvt% -w'lftX tiox 
^ceed 180 in six years. 
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Use 300 pair cable where the number of lines will not 
exceed 270 in seven years. 

Use 400 pair cable where the number of lines will not 
exceed 360 in seven years. 

Underground Cable, Available Conduit Space Limited 

to One Duct 

Use 100 pair cable where the number of lines will not 
exceed 90 in nineteen years. 

Use 200 pair cable where the number of lines will not 
exceed 180 in twelve years. 

Use 300 pair cable where the number of lines will not 
exceed 270 in thirteen years. 

The above figures are based upon an efficiency of total 
pairs in use averaging 80 per cent, for branch cables and 90 
per cent, for main cables. It should be noted that where 
the available conduit space is limited, small sizes of cable 
should not be used unless they will care for the ultimate 
number of lines expected, and that, having plenty of conduit 
space, it is almost as economical to place cables of 4O0 pairs 
capacity initially. 

Rdative Costs of Cable and Distributing Wires: — It is 
not considered economical to place cable unless there will 
be at the ultimate time more than ten circuits in the ter- 
ritory to be served. When the ultimate requirements justify 
a 15 pair cable, but the initial needs are small, distributing 
wire should be employed until four circuits have been in- 
stalled. When more than four circuits are required, the dis- 
tributing wire should be replaced by cable. 

The number of pairs of each style of wire construction 
which justify the use of a 50 pair 22 gauge cable is as follows, 
the annual charges on the wire for the number of pairs given 
being equal to the annual charges on the cable: 

12 pairs No. 14 B. & S. twisted pair copper on distribut- 
ing brackets. 

12 pairs No. 14 N. B. S. waterproof copper on cross-arms. 

17 pairs No. 14 N. B. S. bare copper on cto&^-^xv^.'^. 

Number and Location oi K«t\a\. C^Vt •^«rBfi»a^:^v-^^ 
location of terminals is govetti^d \>v ^Va^^^^^^ ^isv^'w^ ^^^^ 
the point of grreatest subscriber dc-XisvVJ, vcw o\)c^«^^ "^'^ 
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that the length of the subscribers' drops will be a miniiium. 
The conditions justifying the installation of a terminal 'on a 
cable are that the annual charges on the terminal mu%t be 
less than the annual charges on the distributing wire which 
would be required if the terminal were not placed. In gen- 
eral, the most economical spacing will be a terminal to every 
two or three poles. 

The terminal capacity should be based on the number 
of stations which it is expected to serve at the ultimate time 
rather than lines, on account of the labor charge which 
would occur in placing an additional terminal and trans- 
ferring drop wires. The general use of 15 pair terminals 
is recommended for districts of average density because the 
small increase in first cost over the 10 pair is warranted on 
account of the flexibility afforded in the arrangement of 
cable pairs at the various terminals. The ratio between the 
two sizes will usually average three 15 pair terminals to 
one 10 pair terminal. 

Multiple Distribution: — ^The multipling of cable pairs at 
the various terminals must be made so that any terminal 
may not become clogged by having all the pairs which are 
tapped out at it in use at other terminals, and to prevent 
pairs remaining dead because unavailable at points where 
they might be used. Fig. 6 shows a guide for tapping out 
fifteen pair terminals from a 50 pair cable. To apply this 
guide to cables of larger size, each 50 pair section should 
be considered as an individual cable. It should be borne 
in mind, however, that there is no general scheme of mul- 
tipling that will fit every case, as local conditions will de- 
termine which terminals will overlap and the general scheme 
adopted must be modified according to these conditions. 

Points of Cable Relief: — Detail methods of cable relief 
do not enter into the preparation of cable plans, the point 
which it is necessary to observe being only to so arrange 
the multipling as to provide at least one point of relief, by 
means of a new cable, without disarranging party lines and 
consequent number changing. 

The most direct method of relief is to ^waWtX \\it «i^'t- 
sr cable virith another similar cable to wViicVi \a tt^iTi^lwT^;^ 
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the distribution beyond the point of relief, the original cable 
carrying the load between the central office and the relief 
point. The original cable and this method of relief are shown 
in Figs. 7 and 8. By the method illustrated in Fig. 9, the 
taps on the cable to be relieved are transferred to the new 
cable, which parallels the original cable up to the point of 
relief. Method No. 2 will not be more economical than No. 
1, unless there are a small number of branch taps on the 
original cable between the office and the point of relief. 

Interior Block Distribution: — Direct connection by 
means of cable should be made to all buildings having fifteen 
telephones or over. In business blocks which are not large 
or substantial enough to warrant direct cable connection, 
interior block systems should be established, the terminals 
being placed upon the buildings and twisted pair distributing 
wire run through bridling rings attached to the walls. This 
method of distribution is superior to the old style circle top 
distributing pole in being free from interruptions of service, 
is economical and neat in appearance, and should be used 
wherever it is possible to do so. 

Gauge of Cable: — ^The gauge of the cable to be used in 
the cable plant layout is governed by the rules given in 
Chapter I. 

How to Determine the Economy of any Given Plan or 
Type of Construction: — Before finally deciding upon the 
character of the construction to be employed in any given 
case, assurance must be given that the system recommended 
is of all other methods of distribution, the most economical 
in both first cost and annual chargesr 

In preparing data for such work, the costs of elementary 
combinations of materials generally assembled in construc- 
tion work should be figured separately. For instance, with 
a cost sheet giving the cost per foot to string messenger wire 
complete, including the placing of cable, cable clips, etc., 
and with the complete cost of building various styles of pole 
line; by adding together the cost of pole line, messenger 
wj're and cable, the complete cost of a unit Ittv^th of any 

sty/e of aerial cable may be obtained. "For d^la on Ocvt to%\. 

^ telephone cable work see Chapter VIU. 
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Fig. 7. Original Cable. 
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Fig. 8. Cable Relief-Method No. 1. 
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Fig. 9. Cable Relief-Method No. 2. 
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In comparing costs, the critical factor is the annual 
charge, meaning by this term the total of the interest and 
taxes on the sum invested, the maintenance expense requisite 
in keeping the work in first class operative condition, and 
the sum set aside annually for what is known as deprecia- 
tion to cover any possible changes in the art as well as 
wholesale replacement when the plant is worn out beyond 
ordinary repairing. Annual charges are a varying percentage 
of the first cost, depending upon the durability and perma- 
nency of the construction. Fig. 10 shows graphically the 
varying annual charges for the different kinds of construc- 
tion usually employed in telephone work, the different ele- 
ments considered in making the annual charge being dis- 
cussed in Chapter VIII. 

In comparing plans with one another the accumulated 
annual charges are compared, but in the case of materials 
having different lengths of life, these annual charges may 
be distributed through the several years in a relatively dif- 
ferent manner. For such cases it is necessary to compute 
the present worth of the charges falling due in the various 
years in order to bring them to an equal basis of comparison. 
By the present worth of a charge due at any future period, 
we mean that sum which if put now at simple interest, will 
amount to the charge in that number of years. In one plan, 
for example, a special expense may be incurred in the sixth 
year, while in other plans a special expense of similar amount 
may be incurred in the fourth year. Other things being 
equal, the first plan is to be prefeirea over the second be- 
cause of the postponement of the expenditure, in other 
words, because the present worth of the annual charges is 
less. 

A comparison of the annual charges on a fifty pair, 22 

gauge cable and various kinds of wire construction shows 

that by the time we have 17 pairs of bare copper or 12 pairs 

of insulated copper in place, we are paying out each year 

on them a sum which would cover the same charges on the 

cable. We therefore figure that the cable \s \\v^ cYi^^^w 

orm of construction because of the larger capac\tv ^^"c \\v^ 

^^ expenditure. 
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In planning work it should be remembered that invest- 
ment in plant account must be followed by increase of reve- 
nue or decrease in maintenance or operating expense in 
order to show a profit. In the case of increased revenue, 
this sum should aggrregate thirty per cent, in order to justify 
the expenditure entailed by new construction. 

Future Work and Revisions: — While the cable plan has 
for its basis an estimate of the amount of business expected 
five years hence, the territory covered by the plan should 
be kept under observation, and additional plant installed as 
required. 

Conventional signs for the representation of cables, ter- 
minals, and other information on cable plans are shown in 
Fig. 11. One convenient feature of these symbols is that 
the signs used to denote existing plant are similar to those 
employed for proposed construction, hence the changes from 
proposed to installed plant can be easily made on the maps. 
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CHAPTER IIL 

CABLE CONSTRUCTION. 

In constructing the cable part of a telephone plant, the 
greatest care must be taken to avoid work not of a perma- 
nent character. The employment of methods of construc- 
tion not standard, or the skimping of materials in the effort 
to lessen the initial cost of construction, should never be 
permitted. The methods of construction described and illus- 
trated herewith are representative of the best modern prac- 
tice, and will prove economical in the long run for the sum 
invested. 

Pole Lines: — Pole lines on which cable is placed may 
be constructed of 30 foot poles, but all poles should be of 
such length as to give the cables the clearance required by 
local municipal reg^ulations covering this point. Cables 
should clear obstacles, electric light or power wires by at 
least 4 feet. 

Poles should be graded so as to avoid changes of more 
than 5 feet in the level of the cables on adjacent poles. 

Size of Messenger Wire: — ^All 100 pair 22 gauge and 50 
pair 19 gauge and smaller cables should be suspended with 
what is known as 10,000 pound messenger wire (H in. 
diameter). All larger cables should be suspended with what 
is known as 16,000 pound messenger wire (7/16 in. diameter). 
All messenger wire used for the suspension of cables should 
comply with the following specifications: 

Specifications for Messenger Wire: — ^The messenger wire 
shall be composed of seven (7) galvanized steel wires laid 
up as specified below. The wires composing the strand 
shall be free from scales, inequalities, flaws or other imper- 
fections. Each wire shall be of circular section with a uni- 
form diameter, and shall be drawn in one continuous length 
and be free from factory joints. The wires shall be well 
galvanized in accordance with standard specifications for 
f^e s'aJvanizing of iron and steel. A section of the com- 

o/eted messenger wire shall conform to tVie mecYi^tiKc^X tt- 

^Jretnenta set forth in Table IV. 
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TABLE IV. 
REQUIREMENTS FOR HESSENOER WIRE. 

WIRE MESSENGER WIRE— 

Breaking Per cent. Lay 
weight Elongation in 
Size. — Diameter in inches — pounds. in 2 feet, inches 
Required. Max. Min. Minimum. Max. Min. Max. 
10,0001b. .120 .124 .116 11,500 17 4.S 4.5 
16,000 lb. .144 .ISO .138 18,000 15 40 5.0 
Attachment of UeaKngcr Wires to Polea: — Many dif- 
ferent types of messenger suspension clamps are on the 
market. The "L" clamp, shown in Fig. 12, loaned by the 
Hallett Iron Works, has remained the favorite with many 
companies for a number of years. A somewhat more de- 
sirable form of clamp is that illustrated in Fig. 13, loaned 
by the Kellogg Switchboard and Supply Company. Fig. 14 




Fig. 12. "L" Messenger Suspension Clamp, 
Fig. 13. Messenger Suspension Clamp. 
Fig. 14. Messenger Suspension Clamp. 

shows a similar clamp, manufactured by the Hallett Iron 
Works. The method of using this clamp for the attachment 
of messenger wires to poles is as follows; A hole 11/16 it 
an inch in diameter is bored Aroue^ \Vt tt-nxw -A t-wia. ■Si'^* 
24 inches below its apex and at Tv^hX a.-R^t=, \.<i "Cos. N^ 
TbU distance is allowed for tt\e a.Ui<Avm«;.*"i. oH- "v-^*^ 
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and brackets for distribution purposes. A suspension clamp 
is secured to the pole at this place by means of a ^ inch 
machine bolt threaded back about 4 inches at each end, and 
of sufficient length to admit of the attachment of a suspen- 
sion clamp at either end. Table V. shows the proper length 
of bolt to use for different sizes of poles. 

TABLE V. 



LENGTH OF SUSPENSION BOLT TO USE FOR 
DIFFERENT DIAMETERS OF POLES. 



Poles 5 to 6 
Poles 7 to 8 
Poles 9 to 10 
Poles 11 to 12 



n. diameter, 
n. diameter, 
n. diameter, 
n. diameter. 



12 in. bolt. 

14 in. bolt. 

16 in. bolt. 

18 in. bolt. 



A 2^ inch square washer is placed under the nut on 
each side of the pole, and the bolt securely locked to the 
pole before the clamp is applied. Fig. 15. When the first 
cable is placed the messenger should be fastened to the 
street side of the pole, and the second messenger be attached 
to the sidewalk side of the pole. 

When more than two cables are to be strung on a pole 
line, steel cable crossarms, placed 24 inches below the apex 
of the pole, should be used for messenger suspension, the 
messenger wires being attached to the crossarm by means 
of suspension clamps of the type last described, and H by 3 
inch bolts, as shown in Fig. 16. 
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Height of Messenger Wire: — On leads witKovit Vw»3t^ 
wires on crossarms the height oi iVit xtv^s^^x^^^t ^\t^ ^w«^ 
be as specified above and as sVio-wtv \tv "CK^. Vb ^axv^ ^^;^ ^ 
leads with bare wires on crossatras lVv«^ cetv\.et o\ '^^ ^"^ 
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Tig. 18. 



FIff. 19. 



Fig. 18. 
Fig. 19. 
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Method of Splicing Messengers of 
Same Diameters. 

Method of Splicing Messengers of 
DiflFerent Diameters. 
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Fig. 20. Method of Dead Ending Messenger and 
Attaching Head Guy to Adjacent Pole. 
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Fig. 21. Method of Dead Ending Messenger and 
Attaching Anchor Guy. 
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ultimate crossarm should be considered as being the apex 
of the pole. In all cases a clearance of at least 20 feet above 
the ground at street crossings, and 25 feet at railroad and 
street railway crossing, should be secured. 

Sag of Messenger Wire: — ^The minimum sag for mes- 
senger wire with cable should be in accordance with Table 
VI. 

TABLE VL SAG OF MESSENGER WIRE WITH CABLE. 

100 foot span. Minimum sag 2 feet. 

115 foot span. Minimum sag 2^ feet. 

150 foot span. Minimum sag 3 feet. 

150 foot span. Minimum sag 4 feet. 

Dead Ending Messengers: — Messengers should be dead- 
.ended by being wrapped twice about the pole and fastened 
with two guy clamps, as in Fig. 21. All poles on which mes- 
sengers are dead-ended should be protected from cutting by 
the strand by means of guy plates or strain plates. 

Splicing Messenger Wire: — Messenger wire should be 
strung in as long lengths as possible in order to avoid splic- 
ing. When necessary to make splices, they should be located 
as close to poles as possible. Figs. 18 and 19 show methods 
of splicing. 

Character of Ghiy Strand: — ^All guying of cable leads 
should be done with strand conforming to requirements for 
messenger wire. For side guying, ^ inch strand is used 
wh^e the pull is less than 20 feet; if it is greater than 20 
feety or the strain is heavy, 7/16 inch strand is used. Head 
guys on cable leads should be of the same size as the mes- 
senger wire. Line-guying of 7/16 inch messenger wire is 
done with H inch stand. 

Attaching Guys: — ^All head guys to adjacent poles should 
be attached above and close to the messenger as shown in 
Fig. 20. Anchor head guys at end of messenger should be 
'attached above the messenger as shown in Fig. 21. In order 
to avoid danger to the anchor by electrolysis all guys at- 
tached to anchors should be enllieVv Vtv%>a\aX.^^ Vt<a«L •ascj 
cAble, messenger or ground wire oxi \.Vt "^ci\^. ^ vsL^. '^ "^^' 
22 show methods of separating guys ^xk^ xat^'s*^'^^^!^^' 
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All side guys should be attached above and as close to 
the messenger as possible. If the side guy is anchored close 
to the pole so that the guy cannot clear the cables, the guy 
should be placed below and as near to the messenger as 
possible. 

Clearance: — In all cases guys should be so placed as to 
afford a clearance of at least 18 feet over driveways and 8 
feet over walks, and in accordance with any local municipal 
regulations that may be in force covering this point. 

Method of Fastening: — Guys should be wrapped twice 
about the pole and fastened with guy clamps. The distance 
at which the guy clamps are placed from the pole, designated 
on all drawings of guying methods as "A", should not be 
less than 1 foot for poles under 8 inches diameter, lyi feet 
for poles between 8 and 12 inches diameter, and 2 feet for 
poles over 12 inches diameter. With }i inch guy strand one 
clamp only is required at each end of the guy, with 7/16 inch 
guys, two clamps should be used. The turns of guy strand 
should not be crossed on the pole except where guy hooks 
are used. Figs. 23 and 24. Single bolt guy hooks are used 
where messengers are head anchor guyed. Fig. 21. Where 
other guys cannot be held from slipping on the pole, double 
bolt guy hooks are used as in Fig. 24. In this case the guy 
strand is crossed once on the side of the pole away from 
the guy. Whenever the guy strand passes through the 
eye of an anchor rod, J^ inch thimbles should be used for 
^ inch strand, and H inch thimbles for 7/16 inch guys. The 
ends of the guy strand should extend about 16 inches be- 
yond the guy clamp and be wrapped with about 10 turns 
of iron wire, as shown in Fig. 25. 

Guy Hooks: — Double bolt guy hooks may be used to 
prevent ^ inch guys from slipping on the pole. Fig. 24. 

Single bolt guy hooks are used where messengers are 
dead-ended and head anchor guyed, or side anchor guyed. 
Fig. 21. 

Double bolt guy hook should be fastened to the. ^q.V^ 
*by means of H by 4 inch lag scx^vjs. ^m^^ XiOsx. ^e^-^ V^^^^s. 
are secured to the pole by means oi a. cxo^^^'S'nv Vk'^^- ^"^ 
26 shows a strain plate and Fig, 27 '^ ga-^ Voc^5^ 
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Fig. 24. Method of Fastening Guys with Guy Hooks 
and Guy Plates. 



^ig- 2S. Method of Fastening Guya lo tm^Awj^a. 
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Guy Plates: — All poles on which messengers are dead- 
ended or to which 7/16 inch guys are attached should be 
protected from cutting by the strand by means of guy plates 




otPWA Na 4of 




Fig. 26. Strain Plate. 

as shown in Figs. 20, 21 and 24, or by means of strain plates 
of the type shown in Fig. 26. Guy plates should be spaced 
approximately 3 inches apart when placed at the top of the 









Fig. 27. Guy Hook. 



pole stnd 5 inches apart at the butt, ^iv^- s\vov\Wi^ /^^'^^'^^^ 
with 6 penny wire nails. Strain p\^les ^a.^ s\vo^^ ^;^ J^"^- 
mar be employed in place of tVie guv ^V^X.^'^ "^^ ^^^vc^ 
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Methods of Quying: — ^The following methods of guying 
are in accordance with the best modern practice. 

Head Quys to Adjacent Poles: — Head guys from the top 
of a pole to the butt of an adjacent pole are attached to the 
latter not less than 7 feet from the ground. 

Anchor Head Guys: — ^With 200 pair 22 gauge cable, 100 
pair 19 gauge cable, or larger, all head guys are anchor 
guys. Figs. 28 and 21. With smaller cable, guys are dead- 
ended to adjacent poles. Fig. 29. 

With cables larger than 100 pair 22 gauge or 50 pair 19 
gauge where the distance from the pole to the anchor is 
less than 2/3 the height of the guy from the ground to the 
point of attachment on the pole, 7/16 inch strand is used. 
With 50 pair 22 gauge cable, or 25 pair 19 gauge cable, or 
smaller, }i inch guy strand is used. 

Where Messenger and Cable Terminate at the Same 
Pole: — On pole leads without cable crossarms the messenger 
and cable end on the same pole. With 100 pair 22 gauge or 
50 pair 19 gauge cables or smaller the messengers are head 
guyed as shown in Fig. 29. If there is a pole beyond the 
cable terminal pole the terminal pole is guyed to it, other- 
wise an anchor is placed. Fig. 28. If an anchor cannot be 
placed, the terminal pole is securely ground-braced and the 
messenger at the adjacent pole line guyed to the terminal 
pole as shown in Fig. 30. 

Anchor guys are placed at the end of messengers carry- 
ing 200 pair 22 gauge or 100 pair 19 gauge cable or larger. 
Fig. 28. Where messengers with 200 pair 22 gauge or 100 
pair 19 gauge cables and larger cannot be anchor guyed, 
double head guys are employed as shown in Fig. 31. 

Where Messenger and Cable Terminate on Adjacent 
Poles: — On pole leads with cable crossarms the messenger 
and cable end on adjacent poles, the messenger being carried 
ahead one span beyond the end of the cable. The messen- 
ger is guyed as above described. 

Terminating Two or More Messengers: — Except at 

underground terminal polts, each messenger twmm^l^^ ^.t 

» separate pole, which is head euyed -as descT\\j^^ ^\iON^. 
'ST. 32, 
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Fig. 28. 



Fig. 29. 



Fig. 31. 



Fig. 32. 




Fig. 33, 




Fig. 28. Method of Terminating Messengers Carrying 200 
Pair 22 Gauge or 100 Pair 19 Gauge Cables or 
Larger. 

Fig. 29. Method of Terminating Messengers Carrying 100 
Pair 22 Gauge or 50 Pair 19 Gauge Cables or 
Smaller. 

Fig. 30. Method of Guying Where Terminal Pole Cannot 
be Head Guyed. 

Fig. 31. Method of Guying Where Messenger Cannot be 
Anchored. 

Fig. 32. Method of Terminating Two or More Messengers 

on the Same Lead. 
Fig. 33. Method of Guying at ^utvcXXoxv o\ Ksxv?^ tcc^^^^ 
derground Cables. 
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At Underground Terminal Poles: — At all underground 
terminal poles, the messenger is carried back at least one 
span where possible, and guyed as described above. The 
terminal pole is head guyed in all cases if possible. Fig. 33. 

Ouying at Intermediate Points in a Long Lead: — On 
long cable leads with a straight section of 20 or more poles, 
every tenth pole is head guyed in both directions to safe- 
guard the line. At these points a guy clamp is placed on 
each side of every suspension clamp, in order to prevent the 
messenger from pulling through. 




Fig. 34. Method of Setting Anchor Logs 

Mechanical Protection: — Guys are protected at the 
ground by means of iron anchor shields as in Fig. 22. These 
shields consist of steel boiler tubes 2^ or 3 inches in dia- 
meter, having a length of about 10 feet. They are usually 
painted inside and out with black asphaltum paint. 

Aochora: — The style of anchors used on cable leads may 
ife of the standard log form shown m Fig. 34, or some type 
of patented anchor, but care should be lalten tViM ft>c ladcio^ 
'"p/ojred is capable of holding all strains ^>»tV to'».^ ^* 
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plftced upon it. Where anchor logs are used they should 
be Bet in the ground at least 6 feet deep, and never less 
tfaan 4 feet deep. Standard H inch guy rods should be used 
with H inch piy strands, and I inch rods for 7/16 inch guys. 
Anchors Bhottld be located at a distance from the pole equal 
to the height of the guy above the ground, and never be 
located nearer to the pole than 1/3 of the height of the guy 
above ground. Fig. 22. The eyes of all anchor rods should 
clear the ground by about 10 inches, so as to permit inspec- 
tion. 

^^ 

Fig. 3S. Cable Rollers. 

Catde firection: — In installing aerial cable it is usual to 
stretch a "leading-up" wire from the butt of a guy stub or 
adjacent pole to the first pole on which the cable will be 
placed. This leading-up wire serves as a guide and support 
for the cable while it is being pulled into place. The cable 
reel ia supported on an axle of such height as will cause it 
to clear the street about 6 inches, so that it may easily and 
freely revolve. The reel should be placed so that the cable 
will unroll from the top of the reel. The pulling rope is 
attached to the cable by means of a cable grip and swivel 
hook in a manner similar to that described for methods of 
drawing in underground cable. The cable may be pulled by 
hand, horse power, or engine. While the cable is being 
drawn into place, it may be su^v*^^^^^ '^^ csMvt tii&ix'i ■a*. 
troOeja of the type shown in ¥Vg. aSAo*^*^*-"^'* ■^•i'^'4*«^^ 
Device Company. Other methoia qI mt'^* ij.'sWs.t «t 
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do not employ cable trolleys, but attach the cable hangers 
to the cable and leading up wire as the cable is paid out, 
the hangers moving along the messenger as the cable is 
pulled. This method requires that a man be stationed at 
each pole to lift each cable hanger oS the messenger wire 
as it passes the suspension clamp. 




Fig. 36. Aerial Cable Ring. 



Cable Hangers: — The various forms of cable hangers 
in use today may be divided into the following classes: 
I a) Standard marlin cable clips, 

(b) Forms of hangers making use of a metal band for 
the suspension of the cable. 

(c) Metal rings. 

Marlin clips have remained the standard for many com- 
panies because of their known reliability when made up to 
standard specifications, ease and economy of application, and 
because the bonding of cable to the messenger wire, (which 
is claimed to be an accomplishment of the metal hanger), 
i;: best taken care of by means of regular bonds placed at 
specified intervals. There are, however, many satisfactory 
metal band clips on the market. 

One of the best types of metal lings ia illustrated in 
f>«-- St^ loaned by the Cameron Appliance Comv^^-j- "tVw 
"*" '* '"»de in six different sizes, irom W* ro* to V/% 
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inches inside diameter, and is exceptionally strong, because 
fastened to the messenger wire at two points. In using 
rings of this type no cable rollers are necessary, as the cable 
can be pulled directly into the rings from the reel, and the 
time saved in installation is considerable. In addition, the 
life of a ring of this description is as great as that of the 
messenger wire which supports it, and renewals are not 
necessary. The construction is very strong and looks excep- 
tionally neat when in place. There is undoubtedly a wider 
field of usefulness for this type of hanger than is given to 
it at the present time. 

As marlin cable hangers are most familiar to the ma- 
jority of telephone companies, their use alone is described 
and illustrated in the following pages. All marlin cable 
clips employed for the suspension of aerial cable should con- 
form to the following specifications: 

Specifications for Marlin Cable Hangers: — Each com- 
plete hanger shall consist of a galvanized steel wire hook 
assembled with a loop of marlin, as shown in Fig. Z7. The 



is»r^ 




Fig. Z7, Marlin Cable Clip. 

hook shall be made of steel wire, which after galvaniz- 
ing, shall have a diameter of 0.148 inches. The diameter of 
any hook accepted shall not exceed 0.152 inches, nor be less 
than 0.144 inches. The wire shall be cylindrical in form and 
free from scales, flaws, splints, or other imperfections. The 
openings in the hook shall be of the dimensions specified in 
Table VII. 
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TABLE VII. DIMENSIONS OF OPENING IN HOOK 
OF MARLIN CABLE HANGERS. 



Jjength 

of loop 

Attached 

to hook 

Inches 


Dimensions 
of 
opening 
Inches 


ALLOWABLE VARIATION 


Will admit 

circular 
bar having' 
diameter of 


Will not 

admit circular 

bar having 

diameter of 


11 


9/32 


17/64 inches 


19/64 inches 


14 


11/32 


21/64 inches 


23/64 inches 


16 


13/32 


25/64 inches 


27/64 inches 


19 


13/32 


25/64 inches 


27/64 inches 



Hooks shall not be sprung in determining dimensions. 
The hooks shall be well galvanized in accordance with 
standard specifications for the galvanizing of iron and steel. 

The galvanized hook shall not spring open more than 
one-sixteenth (1/16) of an inch when subjected to a load 
of one hundred (100) pounds and shall return to within one- 
sixty-fourth (1/64) of an inch of its original position upon 
the removal of the load. 

The marlin shall be three (3) ply and of the best quality, 
pure, double dressed American hemp, and shall be thor- 
oughly saturated with Southern Pine Tar. The length of 
loop shall be 11, 14, 16, 19 inches, as specified. 

The knot shall be drawn tight. The knot ends shall be 
at least one-half (^) inch in length. 

The marlin loop shall stand a strain of at least three 
hundred and thirty (330) pounds without breaking. 

Attaching Cable Clips: — ^When marlin cable clips are 
used for the suspension of aerial cables from the messenger 
wire, they shall be spaced 14 inches apart for 200 pair 22 
gauge or 100 pair 19 gauge cable or larger, and 20 inches 
apart for smaller cables. Fig. 38. Double hangers should 
he placed on each side of the pole or cable crossarm 8 inches 

J9-aj77 the suspension clamp bolt, Fig. 38, and ^Iso z.t the ends 

^^ sll splices. Fig. 39, 
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Fig. 38. Method of Attaching and Spacing Marlin 
Cable Clips. 

To attach cable hangers to the cable the double loops 
are passed around the cable and the hook drawn up through 
the loops as shown in Fig. 38. The hooks should be closed 
or pinched after they are placed on the messenger. 

Cable should be hung straight and without any sag be- 
tween the hangers. All kinks and bends in the cable should 
be smoothed out as the cable hangers are applied. Fig. 38. 

The length of the cable hanger loops which should be 
used for different sizes of cables is as follows: 



At limit SHrm ifmarm 




t<i^Sfim»r*^ 



mthaeantrt^mtalMM\ 



Fig. 39. Method of Supporting Splices on Messengers. 
TABLE VIII. LENGTH OF CABLE HANGER LOOPS. 



Length 
of Loop 
Indies. 

11 


No. 16 ga. 
.072 oap. 


C A B 

No. 19 ga. 
.064 cap. 

25 


L E 

No. 19 sa. 
.08 cap. 

25-50 


No. 22 ga. 
.069 cap. 

25-50 


14 


25 


50 


100 


100 


16 


50 


100 


150-200 


150-200 


19 


100 


150-200 


300 


300-400 



Taming Cables on Messeni^^t ^Vc^\— ^V^'Cisrq^t ^^^'^'^- 
9^ry to make turns in the ciVAe, c^xt ^Vo>aX^ "^^ xsJ^'^sv \: 
make all bends of sufficient r^idm^ \.o v^^^^^*^ VcCvax-s "v^ 
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cable, this dimension never being less than 18 inches. Sus- 
pension clamps should be placed at the crossing of the two 
messenger wires, and the cable be suspended with hangers 
of extra length at bends. Fig. 40. 





Fig. 40. Method of Turning Cables on Messengers. 

Cable Splicing Material: — All material used in splicing 
cable shall be in accordance with standard specifications. 

Wiping metal should be composed of 40 per cent, by 
weight of pure tin and 60 per cent, of pure lead. Zinc or 
other impurities in wiping metal make it hard to work. 

Sealing compound should be composed of 10 parts by 
weight of heavy rosin oil and 90 parts of approved water- 
proof, semi-elastic insulating compound, which when melted 
will readily flow into the lead sleeve and about the wires, 
adhering tenaciously to the wires and will not be sufficiently 
affected by exposure as to endanger the seal of the terminal. 

Lead sleeves should be made of pure lead. The thick- 
ness of the lead sleeves should be % of an inch when the 
inside diameter of the sleeve is 3 inches or less, and 5/32 of 
an inch when the inside diameter is more than 3 inches. The 
^^^es of sleeves to be used for different size c^\Ae ?»v^\q:^^ -axt 
^ foUoyvs: 
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TABLE IX. 



LENGTHS AND SIZES OF LEAD SLEEVES. 



No. of 
Pairs. 

10 

15 

25 

50 

75 
100 
150 
200 
300 
400 



For Str«i|rlLt Qplloea 

No. 19 Gauge Cable. 
Inside Dia. Length. 



Inches. 


Inches. 


1 


16 


1 


16 


1/2 


16 


2 


16 


2^ 


16 


3 


16 


3 


18 


3^ 


18 


454 


22 



No. 22 Gauge Cable. 
Inside Dia. Length. 



Inches. 
1 
1 

2 

2y2 
2V2 
2V2 
3 

ZV2 

3^ 



Inches. 
16 
16 
16 
16 
16 
16 
16 
18 
18 
22 



TABLE X. 



LENGTHS AND SIZES OF LEAD SLEEVES. 
For Thxtts Way or "T" SpUoes. 





No. 19 Gauge Cable. 


No. 22 Gauge Cable. 


No. of 


Inside Dia. 


Length. 


Inside Dia. Length. 


Pairs. 


Inches. 


Inches. 


Inches. Inches. 


10 


1 


16 


1 16 


15 


1/2 


16 


\V2 16 


25 


1^ 


16 


\y2 16 


50 


2V2 


16 


2% 16 


75 


3 


16 


3 16 


100 


3^ 


18 


3^ 18 


150 


4 


18 


4 18 


200 


^V2 


22 


4 18 


300 


AV2 


22 


\^L -^ 


400 




•*«• 


^-h ^- 
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TABLE XI. 






LENGTHS AND 


SIZES OF LEAD SLEEVES. 






For Fotbeftds. 








No. 19 Gauge Cable. 


No. 22 Gauge Cable. 


No. of 


Inside Dia. 


Liengrth. 


Inside Dia. 


Length. 


Pairs. 


Inches. 


Inches. 


Inches. 


Inches. 


25 


2 


20 


2 


20 


50 


2/2 


20 


254 


20 


100 


3% 


24 


3/2 


24 


150 


4 


26 


3/2 


26 


200 


Ayi 


30 


4 


26 


400 


•«•••* 


«••• 


4/2 


26 



For splicing intermediate sizes a sleeve for the next 
larger size of cable should be used. For splicing cables 
larger than are given above, sleeves should be used having 
a length equal to about 8 times the outside diameter of the 
cable and with an inside diameter about 50 per cent, greater 
than the outside diameter of the cable. 

Split sleeves should be used in the following cases: 
(a) Where cables form a double "Y"; (b) where on account 
of the position or bends in the cables it is impossible to 
slip a sleeve back and run it up in place again over the 
splice when it is completed; (c) where in splicing a branch 
cable into a working cable, only the conductors to be spliced 
are cut, the other conductors remaining in service and the 
old sleeve not being used again on making the new splice. 

Kinds of Splices: — There are two kinds of splices, known 
as Straight and Bridge Splices. Potheads are used for ter- 
minating dry core cables in cable boxes. 

Straight Splices: — (a) Where all conductors of two 
cables are spliced together, each joint of conductors being 
composed of two wires; (b) when the conductors of one 
cable are spliced into a cable containing a larger number of 
conductors, part of which are left '"dead," each ioint of 
conductors being composed of two wires; ^tv^ ^c^i >nV^t^ 
Either part or all of the conductors oi t>NO ot mote c-aJc^Xe^ 
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are spliced into part or all df the conductors of another 
cable, each joint of conductors being composed of two wires 
and the conductors not spliced, being left "dead." 

Bridge Splices: — (a) When all the conductors of three 
or more cables are spliced together, each joint of conductors 
being composed of the same number of wires; (b) when all 
the conductors of a cable are spliced into a cable composed 
of one-half, one-quarter, etc., the number of the conductors, 
each joint of conductors being composed of like number of 
wires. 

Instructions for Making Splices: — If it is possible splices 
should be finished and soldered up the day they are begun. 
If the weather be dry, the splice may be left open over night» 
provided it is protected from moisture by having a rubber 
blanket or other suitable moisture-proof substance wrapped 
around it. However, work on a splice in a moist place 
should be continued until completed. It is recommended 
that the splice be boiled out after splicing every 50 pairs, 
when moisture is likely to get into the splices. When a cable 
is cut it should be thoroughly dried and its ends sealed tight 
with solder. Just as much care should be taken with a tem- 
porary job as a permanent one. 

If moisture has entered the end of a cable or if it is 
even suspected that it has, a short piece of the cable should 
be cut off and dipped into hot paraffin. If moisture is 
present it will be detected by a frying noise. The damp part 
of the cable should be cut away gradually if it can be spared, 
and each piece tested for moisture. If the length of the 
cable will not allow the damp portion to be cut away, the 
exposed damp portion shall be boiled out and then a portion 
of the lead sheath of the cable cut and slipped over it and 
the new exposed part boiled out. This process, known as 
slipping sheathing, should be continued until all moisture 
is expelled. Care must be taken not to tear the msulation 
in slipping the sheath and all joints should be closed by the 
regular wiped joint. When it is found that there is no more 
moisture present, the cable should be spliced. 

Whenever a cable is cut ior ^tiy ^mt^o^^ •a.w^W.'vs^'c^^'^^^ 
sary to leave the cable end, \t sViou\^ \i^ \>c^oxox^^^^^ ^^^ 
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and sealed with half and half solder. Care should be taken 
to see that the joint is made just as secure and air tight as 
if it is to be permanent. Straight and bridge splices are 
made exactly the same way in both aerial and underground 
work. 

Straight Splices: — ^The following operations, in their 
order, are performed in splicing two cables in a straight line: 

(1) A light indentation is made in the sheath of each 
cable with a chipping knife to mark the point at which the 
sheath is to be removed. A portion of the sheath of each 
cable for about 4 inches beyond this mark is scraped bright 
and rubbed with tallow to keep the cable clean during the 
splicing. The sleeve for a distance of about 4 inches from 
each end is scraped bright and treated in the same manner. 
The tallow also acts as a flux in making the joints. 

(2) The lead sheath of each cable is cut on the marks 
above described to a sufficient depth to break readily on 
bending, and the ends removed. Care must be used in re- 
moving the sheath not to injure the insulation. 

(3) The core is bound tightly with narrow strips of 
dry muslin at the ends of the cable sheaths, packing the 
muslin back under the sheath as much as possible so as to 
prevent the sheath from cutting the insulation of the con- 
ductors. 

(4) As soon as possible after removing the lead sheath 
from the cable, the cable is boiled out with hot paraffin 
until all the moisture is removed. Paraffin remaining in the 
core will form a seal to keep all moisture out during the 
splicing. In boiling out cables great care must be taken 
that the paraffin is not too hot as when paraffin is very hot, 
it not only injures the insulation of the cable conductors, but 
is dangerous to life in that it may take fire. If paraffin be 
heated so hot that white fumes arise it should be allowed 
to cool before being used. The paraffin should never be so 
hot as to injure rubber insulated wire when immersed in it 
for one minute. In drying or boiling out a cable with par- 

a^n work should always begin at the cable sheath and be 

toivard the center of the splice or end of ^onductois, ^o VYvax 

'moisture will not be forced under the leaid she^vVv. tV^^ 
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paraffin is poured on with a ladle, a pan or the pot being used 
to catch the paraffin which is drained off. 

(5) The lead sleeve is slipped over one of the cables 
and pushed back out of the way. 

(6) If several lengths of a cable are to be spliced at 
successive places, or in making the first splice on any cable, 
no testing or tagging is necessary and the splice is made 
without regard to the conductor assignment of the pairs. 
Pairs in corresponding layers should be spliced together. In 
all other cases it is necessary to splice according to conduc- 
tor assignment, and a battery shall be put on one pair of con- 
ductors and this shall be picked up by the splicer at the 
other end. This pair shall be used as a talking pair and the 
other pairs in the cable be selected in a similar manner and 
tagged. 

When branch splices are made on a working cable, care 
must be taken not to unnecessarily disarrange the lay of 
conductors. Particular care must be taken not to nick the 
wire and not to cut the insulation any more than is neces- 
sary. If the insulation be cut it is liable to unwind from the 
wire, causing crosses in the splice. 

When hunting pairs in a working cable of a common bat- 
tery exchange, a condenser should be connected in series 
with the knife and head telephone. This is to prevent the 
switchboard lamps of working lines which are touched from 
flashing, thus giving signals to the operator. In all tagged 
splices the extra pair shall be so tagged when a splice is 
completed that it may be readily accessible in clearing 
trouble. 

(7) The cables are lined up straight and securely fas- 
tened, the distance between the ends being about 3 inches less 
than the length of the lead sleeve. 

(8) After the cables are lined up in position, the con- 
ductors are bent out of the way at the sheath and then 
spliced in the following manner: 
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(9) Starting at the center or lower back side of the 
cables, a pair of wires from each cable shall be brought to- 
gether with a partial twist, as shown at 1 in Fig. 41, thus 
marking by the bend in the pair the point at which the joint 
is to be made. The insulation shall be removed from both 
wires beyond the twist, care being taken not to scrape the 
conductors, a paper sleeve slipped over each wire of one pair 
of conductors and pushed back out of the way to make room 
for the joint. 




Fig. 41. Method of Making a Twisted Joint in a 
Straight Splice. 



The wires shall be connected by the ordinary twist joint. 

The like wires from the two pairs to be spliced shall be 

brought together at the point marked in the bend, and given 

two or three twists as shown in Fig. 4L The two wires are 

now to be bent as shown at 3 and twisted together as if turn- 

ing- a crank. The ends of the wires shall be cut off so as to 

^ot leave the twisted wires shorter than one ^V) \nOcv. 'Y\^^ 

^fvjst shall be bent down along the insuUted V\te ^tvd \\v' 
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paper sleeve slipped over the joint as shown at 4 in Fig. 41. 
The completed joint is shown at 5 of Fig. 41. 

Care should be taken in picking out pairs to be spliced to 
take the center pairs first and to arrange the outer pairs about 
them neatly. The wire joints shall be distributed along the 
length of the splice in order to keep the splice uniform in 
size and shape. 

(10) When all the wire joints have been made the splice 
is boiled out again with hot paraffin until all moisture has 
been expelled. The paraffin should be applied as described 
before, working toward the center of splice. 

(11) The splice (while hot) is wrapped with strips of 
muslin 2 or 3 inches wide and compressed so as to be ad- 
mitted into the lead sleeve. The splice must not be com- 
pressed so tightly as to cause crosses in it. The muslin 
must not be boiled in paraffin before wrapping. After the 
muslin is in place the splice shall be again boiled out with 
hot paraffin to remove any traces of moisture that may be 
left. 

(12) The lead sleeve is slipped into place before the 
splice is cool. The ends of the lead sleeve, which should 
overlap the ends of the cable sheaths about 1}^ inches, are 
beaten down to conform with the cable sheath and a wiped 
joint carefully made at each end. In making wiped joints, 
strips of gummed paper are used to limit the flow of solder 
on the sheath. All wiped joints should be carefully inspected, 
using a mirror, when necessary, to detect any imperfections 
in the seal. Fig. 42 shows a completed cable splice. 




eirerysp//ce 



-f 8 24 08n 



Strips of mas //a 



srie/sU^ 



mpe/KTs coor 



Fig. 42. Comp\el^^ C^aXA^^ ^^Xv:.^- 
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The method of making a joint in cable splices where the 
size of the conductor is 16 gauge or greater, is the same as 
for the ordinary splice described above, except that in the 
process of twisting the conductors together, one wire is 
taken in each hand and each wire given five turns around 
the other. 

The method of making a straight splice when three 
cables form a "Y," is generally the same as for splicing 
cables in a straight line, the ends of the cable being pre- 
pared in the same manner. The two cables forming a 
straight line are secured with the ends of the sheaths a dis- 
tance apart equal to about 3 inches less than the length of 
the sleeve. Then the third cable is lashed to one of the other 
cables (depending upon the direction in which the third cable 
is to be run) with ends of sheaths even, and directly opposite 
to that on the single cable. 

The method of making a straight splice when four cables 
form a double "Y" is generally the same as described above. 
The ends of the cable are prepared in the same manner and 
the cables lashed together with ends of their lead sheaths 
opposite each other. Split sleeves shall be used on such 
splices. The seam of the split sleeve must be carefully 
soldered, and the ends of the sleeve beaten down to conform 
to the sheath of the cables and soldered with a wiped joint 
at both ends. After finishing wiping the ends, the seam 
should be touched up again to make certain that it is tight. 

Bridge Splices: — The method of making a bridge splice 
is the same as for a straight splice except that the wire joints 




>ir- 4J. Method of Making a Twisted 3omt m ^ 't^.^ S^Vv^^. 
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are made by twisting together like wires of three or more 
pairs of conductors. Fig. 43 shows the method of making 
a twisted joint in a tap splice. Fig. 44 shows the method 
of making a twisted joint for a tap into an old straight splice. 



f^tirin tep caUt, 




Cuteff. 





Fig. 44. Method of Making a Twisted Joint for a Tap 
into an Old Straight Splice. 



Potheads: — About 15 inches of sheath shall be removed 
from the lead cable, and the paper insulated wires thor- 
oughly boiled out with hot paraffin. The lead sleeve shall 
then be slipped back over the cable, and the wires spliced 
to the rubber covered pothead wires in the usual manner, 
using paper sleeves. The splices shall be placed so that no 
paper sleeve will be less than 9 inches from the open end 
of the lead sleeve, as shown in Fig. 45. In doing this work 
care must be taken to remove all pieces of paper, jute, tape 
or other material which might obstruct the flow of the com- 
pound which is to be poured in after IK^ Vt-^^i '^^^-^^ V5. nsw 
pJace. 

The wires shall be tightly vjoutv^, cXo^^ Vo "Ocv^ ^"^^ 
the lead cable sheath, with a tiumhex o\ \^^^^^ ^^ ^^ 
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Fig. 45. Pothead. 



in such a manner as to prevent the compound from entering 
the cable. 

If rubber cable is used, the wrapping about the rubber 
cable shall be removed to such a distance that only about 
V/2 inches of wrapped cable shall enter the compound when 
the sleeve is drawn up into position for wiping. If a num- 
ber of small rubber cables are used in place of a large cable, 
the wrapped part of the rubber cables within the sleeve shall 
be bound together with friction tape. 

If loose wires are used they shall be temporarily bound 
together at a distance of a few inches above the sleeve in 
such a manner that the wires entering the sleeve will be 
fairly close together but will be loose enough for the com- 
pound to flow thoroughly between them. After the sleeve 
is filled the wires shall be permanently bound together im- 
mediately above the compound. 

The spVice proper shall be bound with se.vw^.V Imttl^ q€ 
twwe in order to reduce it to a diameter "wYvKcVi ViW ^orw 
"he lead sleeve to be drawn on without diaturVm^ t\Le a\^«N«» 
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covering the spliced wires. The turns of twine shall not 
extend beyond the last of the wire joints at the pothead wire 
end of the splice. 

When the sleeve is put in place care shall be taken to 
center the cable sheath within it. The sleeve shall be al- 
loweu to project over the lead cable sheath 1^2 inches and 
be connected to it with a wiped joint. After this joint has 
cooled ^sufficiently to be secured from injury by handling, 
the cable and sleeve shall be fastened in an upright position, 
the sleeve warmed until it becomes barely possible to touch 
it with the hand, the wires centered in the sleeve and the 
sealing compound poured in slowly and carefully. Before 
pouring begins the compound shall be brought to a tempera- 
ture such that it will flow freely, but shall not be hot enough 
to injure the insulation of rubber covered wire when im- 
mersed in it for one minute. 

To. facilitate the pouring of the sealing compound it 
should be heated in a gallon coffee pot and poured therefrom 
until the sleeve is filled. 

After the terminal has become thoroughly cold, the open 
end of the sleeve shall be dressed down just enough to give 
the terminal a finished appearance. The top of the sleeve 
shall be left open so that additional compound may be added 
as the compound settles. Fotheads should be frequently 
inspected during the first six months and sealing compound 
added, when necessary. No pothead shall be mounted in 
other than an upright position if exposed to the weather. 
When it is necessary, in inside construction, to place the 
pothead in a horizontal position, the open end of the lead 
sleeve shall be wrapped with tape to prevent the compound 
from running out and care shall be taken to locate the pot- 
head where it will not be exposed to excessive heat. 

Suggestions in Regard to Potheads: — In branching a 
small lead covered cable from a pothead splice it should be 
taken out at the base of the lead sleeve making z. davsfe^R. 
-wiped joint, rather than run out p^T^\\^\ ^*vCcv *0^^ ^v^^« 
covered wires or cable. 



62 TELEPHONE CABLES 

Should occasion arise wfaen it becomes necessary to 
shorten the length of the lead sleeve, a sleeve of ^eato 
diameter than is ordinarily recommended may be used but 
the space between the last wire joint on the rubber covered 
wire end and the open end of the sleeve shall always be at 
least 9 inches, as this is the space where the efficiency of the 



Patent Cable Splicing Joints: — In order to obviate the 
expense incident to the employment of experienced labor fot 
the making of the plumber's joint required at each end of a 
cable splice, and because it is not always possible to have 
at hand workmen capable of producing such work, as is the 
case with exchanges having a limited amount of cable, many 
attempts have been made to produce some form of cable 
joint which could be applied by a man conversant with the 
ordinary details of line work, and which in sealing efficiency, 
initial and maintenance costs, would compare favorably with 
the lead sleeve joint. A very satisfactory form of cable 
splicing joint is shown in Fig. 46, known as the Bierce Cable 




Fig. 46. Bi 



Sleeve, and manufactured by the Specialty Device Company 
The joint consists of a close grained iron sleeve equipped 
with a rubber cone at each end which fits tightly to the 
cable sheath, and is compressed between a head on the iron 
sleeve and another by four machine bolts. A high grade of 
rubber is used in the manufacture of the cones, and as they 
are hermetically sealed from light, air and moisture, there 
should be no deterioration. The labor oS instaWuig \.\v\* 
sleeve consists only of tightening the eight boUs m ftie Vwo 
/eeve heads, and as the operation invoWta no soVAct, cwt. 
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be performed expeditely and by a person of little experience. 
It is obvious that this joint can be easily opened for repair 
purposes. 

Another type of cable splicing joint is that manufactured 
by W. N. Mathews & Brother. The parts shown in Fig. 47 







v_y 



Fig. 47. Matthews Cable Splicing Joint. 




are as follows: A-closed lead sleeve with externally threaded 
brass collar, B-lead gasket, C-internally threaded brass col- 
lar to fit over A, D-rubber washer, E-spanner wrench for 
closing joint. In making this joint the two cables are bent 
at right angles in a gradual curve, and their ends brought 
through two holes bored in the lead gasket. The brass col- 
lar is then put on with the flange up and the threaded part 
down, and molten solder poured into the cup formed by the 
lead gasket and the brass collar. The lead sheaths of the 
cables where they project through the gasket are then re- 
moved and the wire spliced. The rubber ring is now placed 
inside of the internally threaded brass collar and the lead 
sleeve screwed tightly in place by means of the spanner 
wrenches. The completed joint is moisture proof and 
changes or repairs may be made in the cables at any time 
without any labor in the opening of the joint other than the 
unscrewing of the lead sleeves. The sketch to the right of 
Fig. 47, designated as Fig. 3, shows this joint in position on 
a cable. 

It should be noted that the opttv\tv% o\ ^vO^^^ -Csv^^Nfe-^^ 
or the Matthews joint involves ivo eyiU^ m^\.^^*^^ '^^'^ 
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sleeve, and because of their simplicity, these joints should be 
^of especial service to the small company. 

Supporting Splices: — Lead sleeve splices over 20 inches 
long should be fastened to the messenger wire with a loose 
tie of marlin at the middle of the splice and 2 cable hangers 
at each end in order to prevent the splice from being strained. 
Fig. 39. 

The method of supporting cables at branch splices is 
shown in Fig. 48. All cable splicers should be provided 




3^ 

Fig. 48. Method of Supporting Cables at Branch Splices. 

with stencil numbers and an individual symbol, which is on 
record in the construction department office, and each splicer 
should be required to stamp his symbol and the date on the 
wiped joint of every lead sleeve, splice, pothead and bond 
that he completes. Fig. 42. 

Mechanical Protection: — Where primary circuits are 
above and within 3 feet of a guy, aerial cable, or messenger, 
the guy, cable, or messenger should be protected by rubber 
hose laced with marlin at intervals of 4 inches along its 
length. The hose should extend a distance of 5 feet on each 
side of the primary circuit. The cable hangers should remain 
in position on the cable. Figs. 49 and 50. 

It is not considered necessary to place hose when a 

primary circuit is below the cable or messenger except where 

the distance is less than 3 feet or w\\ere t\veTt \s ^ \va.Vi\\\l^ 

?^a swinging cross, nor do guys, cables aiivd ttvessexv^ws x^- 

///•e protection from secondary circuits. 
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Ftff. 49. 

Us. 60. 

Ftff. 51. 





Fig. 49. Method of Protecting Cables with Rubber Hose. 
Fig. 50. Method of Protecting Guys and Messengers with 

Rubber Hose. 
Fig. 51. Method of Protecting Cables with Wood Shield. 



Where guys, cables or messengers cross over a trolley 
and are within 10 feet of the same, they should be protected 
with hose as shown in Figs. 49 and 50. The hose should 
extend a distance of 5 feet on each side of the trolley on 
straight track, and at curves and other exceptional places 
the hose should extend as much more than 5 feet as may be 
necessary. 

Where the cable is liable to injury from chafing against 
trees or other objects an aerial cable shield should be placed 
as shown in Fig. 51. In this case the cable hangers should 
be taken off where the shield covers the cable. This par- 
ticular shield consists of wood moulding fastened with ^ by 
3J4 inch machine bolts, the moulding being cut to the neces- 
sary length. Other forms of shield may consist of wood 
strips lashed around the cable, or a shield may be made of 
No. 22 B. W. G. galvanized sheet iron, formed around the 
messenger wire and cable. 

Bonding and Grounding: — At the office pole, all terminal 
poles, and at intervals of 1,000 feet along the cable, the cable 
and messenger should be bonded together with a twisted 
strand of tinned, soft copper wire. The connection to the 
cable is best made by means of an "Adams" bonding clamp, 
and to the messenger wire by meaus oi ^ ?A.'^x\Aax.^ ^>cc% 
damp. Fig, 52. 
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Fig. 52. Method of Bonding Aerial Cable and Messenger. 

At the office pole a double ground connection for the 
bonded cables and messenger should be made, and at all 
terminal poles, ends of cables, and every fifth bond along the 
cable a single ground should be installed. The ground wire 
may consist of a length of H inch steel strand clamped to 
one of the messenger wires and securely fastened to the pole 
by means of staples driven every two feet. The end of the 
ground wire is carried through a ground pipe, and buried 
in the ground to a depth of six feet at the base of the pole, 
and imbedded in about 3 bushels of coke. The ground pipe 
should extend well into the coke, and the ground wire should 
be carefully wiped to the iron pipe at both ends so as to 
completely exclude moisture. Fig. 53. 

Protection of Cable from Abnormal Currents: — ^The pro- 
tection of an aerial cable from abnormal currents which may 
be carried by open wire lines connected to it is accomplished 
by placing fuses, or fuses and carbons, between the tapping 
point on the cable and the open wire line. Approved prac- 
tice has limited such protection to the use of 5 ampere fuses 
between aerial cables or other wires and underground cables, 
and the use of fuses and carbons where open wire lines of 
over one-half mile in length enter aeT\a.\ ca\A^s. Oti. ^c^q>^tl\. 
of their short length and because rubbw msu\^Xt^ Vvc^ v^ 
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used to a great extent for subscriber drops, and also in the 
case of substations served by block or building wiring con- 
nected directly to either an aerial or underground cable ter- 
minal, no fuses or carbons are required at the tapping ter- 
minal on the cable. 





I Im. atrud ImiMMd lo 
2 iMt a^Mt. 




Fig. 53. Method of Grounding Aerial Cables. 



Complete protection is afforded by the provision of a 
standard cable box equipped with fuses at the junction of 
the aerial and underground cables; a cable box equipped with 
fuses at the -ends of all aerial and underground cables, with 
provision of lightning arrestors for all open wire lines of over 
one-half mile in length; and the employment of unprotected 
terminals for the distribution of subscribers* lines at inter- 
mediate points along the cable, (with additional equipment 
o! fuses and carbons for all open wire lines entering the 
terminal). 

Cable Boxes;— Cable boxes presetiX. vVve^ mo^N. ^ots^i^^ve 
smd economical means for the tnoutvtvtvf^ ^w^x^o^a.'sivTL'^ ^ 
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and carbons. They are arranged to accommodate 25, SO, 
100, 150 and 200 pairs of conductors, and should be so de- 
signed that the fuses and carbons can be installed individtt-i 
ally, and only as required. The dry core cable is terminated 
in cable boxes by means of potheads. 

Cable boxes should be substantially made of 1% inch, 
thoroughly seasoned, first quality, white pine lumber well 
jointed. The front of the box should be closed by twin 
doors which rest against a rubber gasket extending along the 
open side. The outside of the box should be protected with 
two coats of weatherproof paint and the inside with two 
coats of fireproof paint. For convenience in keeping a record 
of the cable conductors, the inside of the cover of the box 
should be stenciled with a form for this purpose. 

Cable Terminals: — Cable terminals which necessitate the 
making of a pothead on the connecting cable are expensive 
to install and maintain. For this reason terminals which 
make use of this method are not described. 

A good terminal should be reasonably low in first cost 
and easily installed and maintained; it should have a life as 
great as that of other portions of the cable plant, high in- 
sulation under all conditions during its life, should form a 
hermetical seal for the cable, and be neat and inconspicuous 
in appearance. 

Western Electric Type 14 Terminal:— The terminal 
designed by Messrs. S. P. Grace and R. A. L. Snyder of the 
Central District and Printing Telegraph Company at Pitts- 
burg, has all the desirable features of a good terminal, and 
is well adapted for block wiring. This terminal consists of 
a cast iron box divided into a closed compartment and an 
open one by a porcelain plate in which binding posts arc 
fixed. A hinged cover closes the open compartment. Lead 
covered dry core cable is led into the closed compartment 
at the bottom through a piece of brass tubing and the con* 
ductors are soldered to the inner end of the binding posts, 
after which the closed compartment is nearly filled vrith 
::ah/e compound. Drop wires are secured to t\i^ omXw: ««A* 
^ ^he binding posts and fan out througVv stt^^^^ "^^^^^ "^^ ^^^ 
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back of th« box which are plugged with putty and is removed 
only as it becomes necessary to pass wires through. The 
hinged cover is flanged at the top and sides to prevent the 
entrance of water, the top of the box and cover being given 
a considerable pitch to insure its satisfactory shedding, and 
the lower end of the cover extends a half inch below the 
bottom of the box to prevent water from working up from 
the edge of the cover into the box. The box and cover are 
japanned, and the inside of the cover is enameled white and 
a form stenciled for the marking of pairs, which is to be 
done with a soft pencil. This terminal is usually assembled 
with six or eight feet of dry core cable. Made in 10, 11. 15 
and 26 pair s 




Fig. 54. Cook Type M-4 Terminal. 



Cook Type M.4 TetnAnal'.— Tcii \.«ti\\^A ■Ks.-asx-^-j^-t 
Pig. 54, loaned by Mr. Frank ^. CooV., "^^ <^oi».%j^^^^ 
porcelain plates mounted on a s.Wotv* ?.t«^ 'o^'**^' "^"^ 
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witb a galvanized iron or copper cover. A gaiket separates 
the two porcelain plates, which are held together by four 
brass bolts and to the bracket base by two gfalvanized iron 
bolts. The dry core cable is brought in through a support- 
mg nozzle at the base and the wires fan out through hollow 
screws and are soldered to the outside ol these screws, which 
form binding posts with lock nuts for the reception of drop 
wires. The box is then filled with cable compotrnd, which 
eSectnally seals the end of the cable against moisture. This 
terminal is made in sizes from 5 to 50 pairs. 




Fig. SS. Sterling No, 344 Terminal. 



Sterling No. 344 Terminal: — ^The terminal shown in 

Fig. 55. loaned by the Lafayette Electric Company, consists 

of a bracket, base, front and back in one casting, to which 

are bolted hard maple strips assembled ind iovned into a 

■noisture proof box, which is to be fiHed vj'>V\v caTn.yi\3,ti4, 

*<? mapU sides of this box carry brass contiettmft *li*4s.. 
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the c&ble end being' fitted with soldering clips, a.nd the other 
end with lock nuts for the drop wires. In the terminal base 
is screwed a brass nipple for the reception of the dry core 
cable. This terminal is made in sizes from 5 to 25 pairs. 

Protected Terminals: — As the occasion may often arise 
in which it is desired to provide a terminal with partial or 
fall equipment of fuses and carbons, the following standard 
types of protected terminals are described. 

Cook Type S-16 Temunal:— This terminal, illustrated in 
Fig. 56, is of all steel construction, and furnished without 




Fig. 56. Cook Type S-16 Terminal. 



protection but with connecting posts only, enabling the com- 
plete installation of the cable with the terminal. Coivi!.*.^'- 
in^ posts are in the shape oi hoWo^ s\>ii%, -Cfttti-iisgtv -*iWt 
c«We wires are brought to the Ott\.sv4e Q^^ i-"^« \.«^iCv!>.^N^ 
»ad soldered. The protectors desvgTvei \at ^'^'^ "^"^ 
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terminal are in units, Fig. 57, and attach to the connecting 
studs by means of split spring german silver contacts, this 
being a continuation of the line or cable fuse clips, and 
neither bolts, screws or nuts being required to secure them 
to the terminal box. This terminal is equipped with a Cook 
self-soldering nozzle and is made in sizes from 10 to SO pairs. 




Fig. 58. Sterling No. 270 Terminal. 



Sterling Wo. 270 Terminal: — Fig. 58 illustrates a. pro- 
tected terminal manufactured by the l,a!a?eUe "EVeMtXc Crjm- 
pany. jts protection equipment is a tubuUt Ivist »tiA t^^- 
"" '"oatited on continuous hard maple strips, v)\i\Oci Imto 
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the sides of a closed compartment. This compartment is 
built on a heavy iron base casting and its end and top are 
completely removable wood panels. In connecting the cable 
into the terminal the top and end panels are removed, giving 
easy access to the terminal posts within. After the connec- 
tions are made, the end panels are replaced, a small amount 
of compound poured in and the top fastened in position. 
This terminal may be readily opened for inspection at any 
time. Made in sizes from 10 to 50 pairs. 




Fig. 59. Bissell Terminal. 



Bissell Tenninal:— The terminal shown in Fig. 59. i; 
manufactured by the F. Hissell Company, and employs a 
pencil fuse and carbon arrest ors. Contacts are heavy 
machine screws with hexagon nuts for both cable and drop 
wires. Sizes 5 and 10 pairs. 

Hall Terminals:— The terminal illustrated in Fig. 60, de- 
signed by Mr. Frank B. Hall, has been on the market for 
some time, the mica fuse equipment which it employs being 
in favor with many. It is ma4e 'w\\.\i a. tiW. tt«s& "wi-ot, -i.-eA 
in the later models with atv eboft-j M'totW-Of- ■m.oM.tv'ws-t ■^■'f 
equipped with screw lugs Sot tVit atta.(LVtntTi.\. <A iw'i^ ""' 
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Fig. ai. 
Fig. 60. Hall Terminal. 
Fig. 61. Distributing Pole with Hall Terminal. 



Fig. 61 shows a 10 pair terminal in place on the pole and 
the method of taking off subscribers' drops. The terminal 
is made in sizes from 10 to 50 pairs. 

Hall terminals are connected to the dry core cable bjr 
means of six foot lengths of lead covered rubber cable. The 
end connected to the terminal has the lead sheath removed a 
sufficient distance to provide wire length sufficient to reach 
the terminal clips; the wires are then turned back over the 
sheath and the cable immersed in a pot of hot compound. 
The cable should remain in the compound long enough for 
the compound to penetrate and seal the cable, but not long 
enough to injure the insulation. The conductors are then 
laced up, fanned out, and soldered to the clips. The lead 
sheath is to be turned back so as to form -a. collar on the 
inside of the termiaaX base, thus supporting ttvc <».\A« 'wYnm 
<*<r terininal is in pJace. 
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Fig. 64. Bissell Pole Seat. 
Fig. 6S. Hallett Pole Balcony. 




Fig. 66. Hallett Pole Bakonv. 
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Attachment of Cable Boxes: — Cable boxes should be 
placed below the cable and on the side of the pole next to 
the office except at unde ground tern nal poles, where they 
should be placed on the oppos te s de Cable boxes of 100 
pair and less should have a pole seat mounted as shown in 
Fig. 63. Cable boxes of ISO pa rs and larger should have 




a pole balcony mounted n a s m lar manner. Fig. 64, loaned 
by the P. Bissell Company llustrates a good type of pole 
seat. Figs. 65 and 66 are standard type of pole balconies, 
manufactured by the Hallett Iron Works. 

Fig. 63 also shows the method of bridle wiring between 
cable boxes and crossarms. 

Attachment of Cable Terminals: — ^Terminals used for 
distribution along the lead are mounted on the side of the 
pole away from the office. The method of attachment to 
the pole and the scheme of wiring to be followed at terminal 
poles is shown in Figs. 67 and 68. 

Termination of Cable at OEBces: — All cables should be 
terminated directly on the main distributing frame with wool 
butts not less than 8 feet, and not more than 50 feet in 
length. 

Aerial cables may be brought into the cetvtval office by 
■ne^ns of a cable rack as in Fig. 69, ov by mcitvs ol iiaiw- 
-ound pipes ^s in Fig. 70. 
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Fig. 69. Method of Bringing Aerial Cables into Centra 
Office by Means of Cable Rack. 



TELEPHONE CABLES 




g. 70. Method of Bringing Aerial Cables into Central 
Office by Means of Underground Pipes. 

Wig. 70. 
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UNDERGROUND CABLE WORK. 

Drawing-in Cables: — ^The cable should not be started 
into the duct until it is clean and free from obstructions. 
While the cable is being drawn in it should be protected by 
a lead collar arranged so as to prevent the edge of the duct 
from injuring the cable sheath. 

The reel holding the cable should be mounted on an 
axle of such a height as will cause it to clear the street about 
6 inches, so that it may easily and freely revolve. 

The reel should be placed on that side of the manhole 
at which the cable enters the duct so that the cable can enter 
the manhole from the top of the reel; this gives a simple 
curve from the reel to the duct without danger of abrasion, 
sharp bends or kinks. If the cable or any conductor in it is 
provided with indentifying marks, all sections should be laid 
in the same direction to insure proper registration. 

Cable Grips: — Cable grips may be purchased ready for 
use as in Fig. 71, or may be made by cutting 6 or 8 foot 
lengths of No. 12 B. W. G. steel wire (using the rodding 
wire if it is in suitable condition), bunching four, six or 
eight of these wires together, (depending on the severity of 
the pull) and wrapping them in two halves spirally around 
the cable sheath in opposite directions, twisting the ends 
securely together. 




tig. 71. Cable Grip. 



Draw Rope: — ^A manilla rope of best quality and from 
J4 to Ij/^ inches in diameter should be used for drawing in 
the cable. The ends should be provided with an "eye" around 
a steel thimble fastened to a short length of chain with a. 
swivel at the end, and terminated yi\\.\\ ^ "^^vt c»V %\%\.^x^^^5«^ 
These should be inserted in tVve \oo^ oi vVt ^*vc^ ^vvs^ ^^^^ 
cable and prevented from opening \>^ sese.T^ -«^^^^ ^ 
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Skids: — A skid should be used in connection with all 
methods of pulling hereinafter described. This skid is pro- 
vided with holes every 4 inches along its entire length, 
through which steel pins secured by cotter pins may be 
placed, thus providing movable shafts for the pulleys. 

The lower pulley should be placed opposite the duct, 
and the rope leaving the duct be passed under this pulley, 
up to and over the upper pulley just above the street sur- 
face. The bottom of the skid should rest against the wall 
of the manhole and the top against an iron rod placed under 
the manhole frame. 

Drawing Apparatus: — If the cable is light and short, it 
should be pulled by hand. 

On heavy cables where the installation is not large and 
the streets not congested with traffic, a heavy team of steady 
horses should be used by rigging the drawrope through 
snatch blocks in such a manner that the horses when pull- 
ing move about four times the distance that the cable is 
moved. 

In places where horses cannot be employed, a ship's cap- 
stan mounted on a frame which can be fastened to the pave- 
ment may be used. 

On large installations a six horse power gasoline hoist- 
ing engine mounted on a truck should be employed. The 
drawing-rope is passed several times around the capstan 
head on the axle of the drum of the hoist, the speed being 
regulated by the pressure applied to the capstan head with 
the draw-rope and the rope being drawn back hand over 
hand as the cable is drawn in. A steel hoisting rope is used 
with this apparatus. 

A little flake graphite mixed with water and applied to 
the cable as it is drawn into the duct makes the cable pull 
much easier. 

Supporting Cables: — In order to avoid damage to the 
cables by abrasion from, the edges oi ducts or by careless 
ivorkmen, they should be systematlcaWy SLtr^tv^t^ ot\ \x^^ 
manhole walls and held in place by some iotm oi c^XAe ^u^- 
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Fig. 72. UndergTouni] Cable Support. 




Fig. 73. Method of Bonding Underground Cables. 
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port, a good type of which is shown in Fig. 72, lo 
the Standard Underground Cable Company. This 
can be easily installed or removed, and being of sectic 
struction, can be extended to accommodate additions 
Bonding of Cables: — In general, all cables sli 
bonded together at frequent intervals, usually at n 
1,000 feet apart and wherever there exists a diffe 
potential of .2 volts. This reduces the resistance 
sheaths of the cables and prevents the passage of 
from one cable to another by other than a metallic 
tion, with consequent electrolysis. The method of 
cables is shown in Fig. 73. 
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CHAPTER IV. 

CABLE RECORDS. 

An important factor in the matter of securing the best 
possible use of the cable distributing plant is an effective 
system of cable records. These records are intended to as- 
sist the wire chief in the assignment of cable conductors, in 
handling trouble, and otherwise keeping record of the use 
that is being made of the plant. Such a system of cable 
records should consist of maps showing the cable layout of 
the exchange, a book in which is kept a record of the occu- 
pancy of each cable, and a card index by line numbers act- 
ing as a cross reference to the book. 

Cable Maps: — ^The plant maps should be drawn to a 
scale of not less than two* hundred feet to the inch. Aerial 
records should show all important streets, house numbers, 
section lengths measured between pole centers, all terminals, 
cable boxes and cables properly located and the number of 
pairs in the cable and the conductor gauges. The pair num- 
bers of the various terminals are written at right angles to 
the pole on which the terminal is placed. Fig. 74 shows a 
typical cable map. 

Maps for small exchanges may consist of a single sheet, 
but in the case of larger exchanges, the map should be divided 
into sections that can be easily handled, and in offices hav- 
ing many underground cables an individual map of each 
underground cable should be provided. This individual map 
is similar to that for aerial cables, except that the scale 
should be one hundred feet to the inch, and the position of 
the cable in the duct line is given. In counting ducts, stand 
with the back to the telephone office, thus bringing No. 1 
duct in the upper left hand corner. 

Cable Records: — This book should b^ vcv. Vo^^^ V.-^ V^vkn^ 
and have sheets of such quality ^s ^\^ t^^^"^^ ^^-^^ck^ ^ 
pencil erasures. Fig. 75 shows a typvc^vX x^^ox^ o'v •Cc:\s.>^"^ 
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Charry Allay. 



Fourth 8tr«»t 
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Fifth Av 



Plun Ay. 



Sixth kfm. 



Fig. 74. Specimen Plant Map. 
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Each page is arranged to accommodate 25 cable pairs, hence 
there will be as many pages for a cable as there are twenty- 
five pair divisions of the cable. The pair or conductor num- 
bers are placed at the left hand side of the sheet. A sepa- 
rate column is provided for each terminal headed by the 
number of the terminal. The street location of the terminal 
may be shown on this sheet by extending the terminal 
column one or two inches at the top and writing the street 
location in this space, but where proper cable maps are pro- 
vided, this is not necessary. A red line drawn vertically in 
the column under the terminal number, and extending op- 
posite the numbers of all pairs which appear at the terminal 
indicates the pairs which are tapped out. The presence of 
an arrow indicates that the pair combination is carried over 
to the next sheet. Whenever a cable pair is used, it is 
indicated by a pencil check mark placed on this line under 
the proper terminal number. The total number of pairs in 
use at any terminal will therefore be the sum total of the 
pencil check marks on the red line under that terminal num- 
ber. Whenever possible, party lines should be made up in 
the same terminal. The same conductors checked on more 
than one red line will show that this is not being done. To 
the right of the terminal column are four columns to be used 
as follows: (1) the number of stations allowed on a line, 
(2) class of service (whether business or residence), (3) call 
number, and (4) the subscriber's name and address. It will 
be noted that the record is ruled with four horizontal lines 
running across the sheet to the cable pair number; this is 
for the purpose of accommodating the names and addresses 
of subscribers in the case of two or four party line service. 
The number of stations allowed on each line is placed in 
an individual column in order that the extent to which party 
lines are filled may be made as clear as possible and the 
figures in this column in connection with the record of occu- 
pation in the subscribers' column, show at a glance the ex- 
tent to which the party lines are filled. The call number is 
• of course the line or directory number of the subscriber. 

TA/s information should be placed on the record with a soft 
pencil. 
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Card Index: — ^This card, shown in Fig. 76, bears supple- 
mentary information as to the jack and panel number of the 
subscriber and details of equipment and service contract. It 
may be of any suitable size, three by five inches, or four by 
six inches being conveniently handled. It should be filled 
out as indicated, the reverse side being used as a trouble 
record if desired. 











— Name 


,__Loc«tion 


__C«We No. 


P^lr No. 






^ Stvle of Phone 




Date in 




^Jislniment No. 




Tranrtiitter No. 




Extension Stvle 




Transmitter No. Date 




, Ettcntion Bell 








^ SoecUl Eauioment 











Fig. 76. Cable Record Card Index. 

Party Line Combinations: — In forming combinations for 
party line service, an attempt should be made to completely 
fill the combinations from the same terminal or at least 
within the same square. To have a number of incompletely 
filled party lines is not only extravagant practice as regards 
the cable plant, but the substations served by them receive 
service of a better grade than that to which they are entitled 
by their rates. 

Cable Plant Efficiency: — In every cable plant, a portion 
of the cable conductors is necessarily idle. This proportion 
of spare conductors has been found to be greatly variant 
with local conditions, in some cases being 50 per cent, o^ 
greater. It is important to reduce V>q\^ ^xo^^^xxisora. ^K n^^ 

conductors as much as possible \tv oxd^x Vo t^'3^^^-^ ^^^ ss^^"^ 

est value from the cable plant. 
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While such a system of cable records as has been de- 
scribed has its first use as a guide to the wire chief in the 
proper assignment of cable conductors, it may be made of 
value in studying the use that is being made of the plant, 
the efficiency of the party line gprouping, the adequacy of 
the multiple distribution, in passing upon questions relating 
to the need for additional main and branch cable facilities, 
and as a guide to the contract department in obtaining con- 
tracts for service which can be supplied without additional 
investment in plant construction. 

Considering the uneconomical conditions which may 
readily creep into existence if party line assignments are not 
made to the best advantage, the small amount of time re- 
quired for a study of this kind from records similar to those 
described is undoubtedly a good investment. This data may 
be compiled at stated intervals, making the preparation of 
it on suitable blanks a part of the wire chief's routine work, 
or it may be compiled whenever plant conditions seem below 
normal, or for the purpose of passing upon questions of 
plant extension. 

The method of preparing a report of the latter character 
is as follows: Take cable maps of the exchange district and 
opposite each terminal and cable box, mark by line numbers 
all stations working from the terminal. Indicate the effi- 
ciency of the party line grouping by a fraction placed oppo- 
site the line number. To illustrate, 2/4 opposite a line num- 
ber means that this is a four party line with two stations 
upon it. This information should be obtained from the wire 
chief's cable book, and checked by the card index and in- 
spection of the plant. Then place the terminal numbers in 
a column, and opposite each terminal number mark in 
columns the total number of lines, stations, and vacant party 
line positions in that terminal. A summary of this data 
will give some idea of the percentage of pairs in use, the 
relative terminal facilities available, and the party line group* 
^ogr, but for Information of a more definite cVv2it^c\.w cotvc«tl- 

-MT^ tAe details of the plant, the ioUowing 3tdd\\.\oTv^\ ^^\a. 

sAou/d be obtained: 
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Report on condition of Cables in Chestnut Exchange, 
with reference to per cent, of pairs and copper mileage in 
use, efficiency of distribution and party line grouping, and 
amount of copper used per pair and per station. Decembei 
15th, 1909: 

Chestnut Exchange Cable No. 1: 

336 feet 100 pair cable 33,600 pair feet 

6,911 feet 50 pair cable 345,550 pair feet 

Total pair feet in cable 379,150 

Vacant Dist. from 

Terminal Stations Lines Positions Office Ft. Pair Feet 

Branch of Cable: Pairs 1-50. 

1-D 3 3 429 1,287 

2-D • 6 6 6/4 537 3.222 

6-D 6 4 4/4 942 3,768 

8-D 2 2 6/4 1,133 2,266 

9-D 4 2 1/4 1,236 2,472 

12-D 36 IS 6/4 & 1/2 1,530 22,950 

Branch of Cable. Pairs 51-100. 



14-H 
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17-H 
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5,742 


5,742 


22-H 


4 


2 


1/4 


5,182 


10,364 


39-H 


14 
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3,621 
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59-H 
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3/4 


1,211 . 


1,211 


62-H 
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1 





762 


762 


64-H 


4 


3 





471 


1,483 



Totals, 99 63 .... 180,084 

Total wire mileage _... 379,150 pair feet 

Total wire mileage in use ^ 180,084 pair feet 

Per cent, of wire mileage actually in use 47.3 

Total number of pairs in cable 100 

Total number of pairs actually in use ^1i 

Per cent, of pairs actually in use ..—- ^'^ 

Per cent of copper of working p^\TS m >x"3»^ l^"^ 
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Wire mileage per station .345 miles 

Wire mileage per line .541 miles 

Dead wire mileage per station .108 miles 

Dead wire mileage per line .173 miles 

The average of the entire plant is found by treating each 
cable in this manner, and making a summary of the dif- 
ferent values obtained. The following explanations and defi- 
nitions may be of service in making these studies: 

Total Wire Mileage: — ^The total length of pair feet in a 
cable. It is found by multiplying the length of the cable by 
the number of pairs contained in it. The cable in the above 
study contains 379,150 pair feet, of which 33,600 pair feet is 
in a 100 pair cable, and 345,550 pair feet in 50 pair cable. 

Cable and Terminal Numbers: — The numbers by which 
the cable and terminal are known and as given in the cable 
book and on plant maps. Under the heading "Terminal" in 
the first column are placed the terminal numbers. The letter 
affixed to the number indicates the street location of the 
cable lead carrying this terminal, and a change in this letter, 
as well as in the pair numbers given, shows that the ter- 
minals are not all on the same branch of the cable. 

Stations: — Under this head is placed the total number of 
stations served from the terminal. The total of this column 
gives the total number of stations working in this cable. 

Lines :~Under this head is placed the total number of 
lines in use at the terminal. The total of this column gives 
the total number of lines or pairs in use in the cable. 

Vacant Positions: — The figures in this column indicate 
the efficiency of the party line combinations or grouping. 
The denominator of the fraction expresses the class of 
service; 4 meaning four party, 2 indicating two party^line 
combinations. The numerator indicates the number of party 
line stations of the class designated by the denominator 
which are required to reduce the figure to zero, or the num- 
ber of party line stations of the class desi^^tv^Xtd \>^ VJic^^ ^^- 
"Jominator which could be served froiti tVie letmmaX 'wVOtvoxiX. 
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the use of additional cable pairs. In the example given, 6/4 
on the second line in this column indicates that 6 four-party 
sub-stations can be served from this terminal without the 
use of additional cable pairs. If the numerator of this frac- 
tion should be considerably larger than the denominator, it 
willj in general, be advantageous to re-arrange the party line 
combinations, which will leave several more pairs available 
for future use in the terminal. 

Distance from Office: — The figures in this column rep- 
resent the respective distance of the terminals from the 
central office, expressed in feet. Scaled distances from the 
plant map will be accurate enough for the purpose of this 
study. 

Pair Feet: — This is the distance in feet of the terminal 
from the exchange multiplied by the number of lines in use 
at that terminal. The total of this column represents the 
amount of total wire mileage in use in the cable and is com- 
pared with the amount of total wire mileage to find the per 
cent, of pair mileage in use. 

Per Cent, of Pairs in Use: — The ratio of the number of 
total pairs used to the number of total pairs in the cable. It 
\> found by dividing the number of total pairs actually in use 
by the number of total pairs in the cable. 

Per Cent, of Pair Mileage in Use: — The ratio of the 
amount of total wire used for subscriber purposes to the 
amount of total wire in the cable. It is found by dividing 
the total amount of live and dead wire used for subscribers 
by the total amount of wire in the cable. 

Per Cent, of Copper of Working Pairs in Use: — The 
ratio of the amount of copper actually used for subscriber 
purposes to the total amount of copper used for this purpose. 
It is^ found by dividing the amount of total mileage from 
the subscriber to the exchange by the amount of total mile- 
age from the end of the pairs used to the exchange. It is 
Xo be noted that this shows iVv^ ^^qaw^cl^ ci\ "C^^ v«^^ ^c^'^^^ 
without reference to the uumbet ol ^^vc^ >^^?.^es. \xv -Ovsr. '^•'J:^ 
and whether the cable has the v^ov^'c X.'a.'^^t- 
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Wire Mileage per Station: — ^Total wire mileage (live and 
dead) used for each station. It is found by dividing the 
amount of total wire mileage used for any cable by the total 
number of subscriber stations on that cable. The actual 
amount of wire used is live wire. 

Wire Mileage per Line: — ^Total wire mileage (live and 
dead) used for each line. It is found by dividing the amount 
of total wire used in any cable by the number of lines in use 
in that cable. 

Live Wire, or Wire Actually in Use: — The wire actually 
used from the farthest subscriber on any pair to the ex- 
change. 

Dead Wire: — ^That which cannot be used for subscriber 
purposes. It is the wire from the farthest subscriber on 
any cable pair to the outer end of the cable. 

Dead Wire Mileage per Station: — It is found by divid- 
ing the amount of dead wire mileage in any cable by the 
number of subscriber stations on that cable. 

Dead Wire Mileage per Line: — It is found by dividing 
the amount of dead wire mileage in any cable by the number 
of lines working in that cable. 

Solicitor's Work: — To properly present the information 
contained in the study in working form for the solicitor, a 
form should be prepared which will show the cable num- 
ber, the number of the terminal and its street location, the 
size of the terminal, the number of pairs appearing at the 
terminal that are unoccupied in that or any other terminal, 
and the number of party line stations of each class that can 
be connected to the terminal without using unoccupied cable 
pairs. Fig. 11. Generally speaking, a considerable amount 
of business can be obtained by a proper direction of the 
soliciting force towards the work of filling up the idle posi- 
tions as revealed in a study of this character, and consider- 
2ng the amount of invested capital represented by the cable 

plant, every effort should be made to devtVo^ \\. \o iVve 

fullest capacity. 
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Tls. 71. 

Cable FacUiticB Record: — In taking up the work of pre* 
paring cable efficieacy studies, it is advisable to investigate 
plant conditions in detail as described above, and then to 
have the wire chief prepare at intervals of three months a 
sheet which will show the relative cable and terminal facil' 
ities available. If a system of this character is faithfully 
followed out, it is possible not only to obtain the fullest 
use of the cable plant, but tt also enables additional plant 
to be planned ahead and in the most economical r 
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CHAPTER V. 

CABLE FOR LONG DISTANCE WORK. 

The use of the telephone cable for long distance work 
is yet in the experimental stage, having its inception with 
the introduction of loaded telephone lines. This chapter is 
merely an outline of some of the results accomplished, a 
detailed discussion of the various problems involved being 
beyond the scope of a work of this character. 

Long Distance Cables: — Cable made up with No. 19 
B. & S. gauge conductors and having a mutual electrostatic 
capacity of .054 microfarads per mile was used by most 
telephone companies to within a few years ago for prac- 
tically all purposes. With a telephone at each end, about 
thirty miles of such cable represents the maximum length 
over which a conversation can be carried. In order to se- 
cure good transmission through cables of longer lengthy it 
is necessary to increase the size of the wire; and for cables 
used in conjunction with loading coils, the paired conductors 
must be very carefully transposed. 

Increase of Size of Wires: — The effect of the increase 
in size of cable conductors on transmission is shown graph- 
ically in Fig. 78. Curve "A" represents the transmission 
efficiency of No. 19 B. & S. gauge .054 mutual capacity cable 
in terms of itself, ten miles of such cable being equivalent 
to any other ten miles of such cable, and similarly for any 
length. Curves "B" and "C" represent the efficiency of 
cables with No. 16 and No. 13 B. & S. gauge conductors 
respectively. It will be observed that a twenty mile length 
of No. 13 B. & S. gauge cable is equivalent to ten miles of 
standard No. 19 B. & S. gauge cable, or is twice as efficient 
as the standard cable. This does not mean that the trans- 
mjssion over equal lengths is twice as good in one case as 
f'n the other, but that the transmission on ex 2i giw^tv. V^xv^vVi 
or standard 19 gsiuge cable is as good as tT2iT^stt\\^sAOTv. o^et 
the length of the No. 13 gauge ca\Ae. 
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Fig. 78. Curve Showing Equal Length of Various Cabl« 
Giving Equal Volume of Tra 
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While it is theoretically possible to go on increasing 
the size of wire to obtain good transmission over any de- 
sired distance there are limits beyond which it is not eco- 
nomical or practical to go in the gauge of circuits for cable 
work. The cost of cable circuits larger than No. 13 gauge 
increases very much more rapidly than the gain in trans- 
mission efficiency, as when conductors larger than No. 12 
are placed in cable they have only about one-fourth the 
efficiency they would have if on an open wire line* For 
this reason no cable circuits larger than No. 13 B. & S. 
gauge should be used except in special cases, the use of 
larger sizes of wire being confined to open wire lines. 

Loaded Lines: — Many years before the advent of the 
Pupin system of loading telephone lines, it was believed 
that the effiJciency of any given telephone circuit would be 
improved by uniformly distributed inductance or self in- 
duction placed along the circuit. Dr. Pupin proved the 
correctness of this theory mathematically and also that the 
inductance coils must be placed in the circuit with special 
reference to the minimum telephone wave length transmitted 
over the circuit. Curves "D," "E" and "F" of Fig. 78 show 
graphically the gain in transmission by the use of loading 
coils in cables having No. 19, 16 and 13 gauge conductors 
respectively. The cost of loading either a cable or open 
wire circuit is very small compared with the resultant gain 
in transmission. 

One of the principal troubles experienced in loading a 
cable circuit was caused by induction between long circuits. 
In order to eliminate this disturbance, the adjacent pairs arc 
given twists of different lengths, which has the same effect 
as the transposition of pairs on an open wire line. When 
the sides of a cable pair are perfectly transposed with ref- 
erence to any other conductor in the cable, the capacity 
between the one side of the pair and any conductor will be 
egual to the capacity between the other side of the pair 
and the same conductors. Any difference beVw^^tv these 
^^pacities is known as the capacity unb^\atvQt oi tV^ ^^vc, 
^o specl/ications for cables which are to \>t >\s^^ m c.c>tw- 
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nection with loading coils therefore include a test for 
capacity unbalance. 

Transmission Equivalents: — If we desire to express 
how well a certain circuit will talk, we say that so many 
miles of the circuit has a transmission efficiency equivalent- 
to one mile of standard No. 19 B. & S. gauge .054 mutual 
capacity cable. Thus 29 miles of No. 8 B. W. G. open wire 
copper circuit has a transmission efficiency equivalent to 
one mile of standard No. 19 gauge .054 mutual capacity 
cable, etc. Table XII gives the lengths of circuit which 
have a transmission efficiency equal to one mile of standard 
No. 19 B. & S. gauge, .054 mutual capacity cable; 

TABLE XII. 

MILES OF CIRCUIT WHICH HAVE A TRANSMIS- 

SION EQUIVALENT TO ONE MILE 

OF STANDARD CABLE. 

Character of Circuit. Equivalent 

No. 8 B. W. G. Open wire copper, non-loaded..28.8 miles 

No. 12 N. B. S. Open wire copper, non-loaded.. 13.3 miles 

,No. 14 N. B. S. Open wire copper, non-loaded.. 8.1 miles 

No. 10 B. W. G. Open wire steel, non-loaded 4.0 miles 

No. 12 B. W. G. Open wire steel, non-loaded 3.0 miles 

No. 22 B. & S. Dry core cable, non-loaded 63 miles 

No. 19 B. & S. Dry core cable, high cap, loaded .9 miles 

No. 19 B. & S. Dry core cable, low cap, loaded.. 1.0 miles 

No. 16 B. & S. Dry core cable, non-loaded 1.3 miles 

No. 13 B. & S. Dry core cable, non-loaded 1.8 miles 

No. 19 B. & S. Dry core cable, loaded 2.0 miles 

No. 16 B. & S. Dry core cable, loaded 4.0 miles 

No. 13 B. & S. Dry core cable, loaded 8.0 miles 

Another method of comparison is to assume the various 
circuits to be each one mile long, and to express the trans- 
mission efficiency of each as the fraction of a mile of standard 
No. 19 B. & S. gauge .054 m\x\M^.\ o.^'^^.O^x.-^ ^tS^^ \52» -^^''^"^ 
is equivalent. Expressed *m \^\% v^-b.-^ ^^ ^^^^^!^xs5vv4^s 
equ/vaients will be as in Ta\Ae TAW. 
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TABLE XIIL 

TRANSMISSION EQUIVALENTS OF UNIT LENGTHS 

OF CIRCUIT. 

Character of Circuit. Equivalent 

1 mile of 

No. 8 B. W. G. Open wire copper, non-loaded .035 miles 
No. 12 N. B. S. Open wire copper, non-loaded .075 miles 
No. 14 N. B. S. Open wire copper, non-loaded .123 miles 
No. 8 B. W. G. Open wire steel, non-loaded- .205 miles 
No. 10 B. W. G. Open wire steel, non-loaded.. .25 miles 
No. 12 B. W. G. Open wire steel, non-loaded.. .33 miles 

No. 22 B. & S. Dry core cable, non-loaded 1.6 miles 

No. 19 B. & S. Dry core cable, high cap, 

loaded .^ 1.11 miles 

No. 19 B. & S. Dry core cable, low cap, 

loaded 1.00 miles 

No. 16 B. & S. Dry core cable, non-loaded Jl miles 

No. 13 B. & S. Dry core cable, non-loaded 55 miles 

No. 19 B. & S. Dry core cable, loaded 50 miles 

No. 16 B. & S. Dry core cable, loaded 25 miles 

No. 13 B. & S. Dry core cable, loaded... 125 miles 
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CHAPTER VI. 

CABLE INSPECTION. 

In the economical maintenance of the cable plant, there 
is no more important factor than inspection. The term as here 
used covers the examination of the cable plant at intervals 
for the detection of conditions which are likely to develop 
dangerous and expensive "trouble." It is evident that by 
such inspection, and by promptly repairing the weak points 
in the system, the cable plant can be kept at the point of 
maximum efficiency and the occurrence of considerable 
trouble be prevented. This is especially true in the case of 
inspection for electrolysis prevention. 

Organization: — An organization for this work is not 
necessarily an expensive one. In the case of a small ex- 
change, much can be accomplished by instructing wire 
chiefs, trouble men, installers, linemen and other employees 
to observe and report on the various details of plant condi- 
tions in connection with their routine work. 

Companies operating a number of exchanges may 
organize a regular inspection department, which can be in- 
corporated with the cable maintenance division or made a 
distinct department. The former scheme is recommended 
because the cable testman generally has an idea of the con- 
ditions which will develop trouble and his experience in 
.taking care of the various kinds of trouble enables him to 
put a dollar and cents value on any recommendations he 
may make. 

Inspection Report: — In making an inspection report, it 
is important to cover all defective conditions existing in 
the plant, and to make recommendations for repair work or 
additional equipment as complete as possible. To this end 
an individual report should be made for each cable, covering 
the following: 

Messenger Wire and Ca\Ae CV\^%v— '^^^'^^^ccerovR.'^^ »<icNfc ^^^ 
placement oi all defective messetv^« ^vc^ "wv^s. O^ss?*^ ^E=^^ 
location arid size of cable VitVi a^^^to-xAxa-aX^ ^^'^'^^^^ 



102 TELEPHONE CABLES 

Protection of Cable: — Recommend the placing of rubber 
hose over cables and messenger wires to protect them from 
high tension crosses as in Fig. 49 and 50. Specify shields 
for protection of cable from mechanical injury as in Fig. 51. 

Bonding and Grounding of Cables: — Make note of the 
condition of all bonds and grounds and make detail recom- 
mendations for additional ones. 

Cable Boxes and Terminals: — Make note of the condi- 
tion of all cable boxes and terminals, stating whether dirty, 
corroded, unneatly wired and if fuse and lightning arrestor 
equipment is placed where necessary and in the proper man- 
ner. Make recommendations for the repairing of terminals 
or cable boxes or for additional equipment of fuses and 
carbons, giving reasons. Recommend the placing of addi- 
tional cable boxes or terminals, specifying locations and 
giving reasons. 

Condition of Cable Pairs: — Make detail report on the 
condition of cable pairs by dividing the cable into sections 
of twenty-five pairs each, and give the number of working 
and defective pairs in each twenty-five pair section as 
follows: 

Pairs. Working. Defective. 

1—25 

26—50 

51—75 

Additional Cable: — Recommend the placing of additional 
cable in all cases in which the present cable has 90 per cent, 
of pairs defective or in use, giving approximate length of 
cable required, and reasons for recommendation. 

Inspection of Cable Plant for Electrolysis: — The inspec- 
tion of the cable plant for the detection of electrolysis differs 
from other inspection work in that it cannot be carried out 
in accordance with any fixed rules 6r methods of procedure. 
The periodical inspection of cables in manholes and 
the measurement of relative potentials of cables, surrounding 
earth, water and gas pipes, and measurement of direction 
ai7<f amount of Bow of current in cable sVieatXVis \^ ^^^^TvNXaX. 
Measurement of Differences in PotentMl B^Vw^wi CaSa\t» 
^^ouad:—The inspector should be pxoVvd^^ v?VOti « 
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Weston low reading voltmeter reading in both directions 
from zero in the center of the scale, as in Fig. 79. The 
Duplex type of instrument is most convenient for these 
tests, although a low reading direct current voltmeter such 
as the Weston Model 45, can be employed provided the zero 
13 located at the center of the scale. 




Fig. 79. Weston Volti 



A light, sharp pointed, iron rod four or five feet long 
is connected to the binding post "C" of the voltmeter by 
means of a flexible conductor, and a similar rod is connected 
to the binding post "G." In making measurements of poten- 
tials, the rod connected to "C" is held continuously on the 
cable sheath in the manhole, and the other rod is held suc- 
cessively on the ground in the bottom of the manhole, on 
the sheaths of other cables, and on adjacent underground 
structures, as in Fig. 80. The readings obtained sb-oili ^i»^ 
carefully recorded, and it t\ve Tes\iv?. \^&':L-i\.^ 'i^-*S- '^'*- •^*^' 
sheath is positive to ground at an-j v'^v&V t^^xe.'^^.i-'^'^'^^ 
a((en(ion should be gwen to fhe ttwvoN^ ^V ■i^'^"*- '^'^'^ 
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Fis PO. Method of Measuring Difference of Potential 
Between Cables and Ground. 
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Fig. 81. Method of Measuring Direction of Flow and 
Amount of Current in Cable Sheaths. 

Ueasurement of Current in Sheath: — In measuring the 
t and direction of flow in the cable sheath, the con- 
tact rods are connected to the fifty' millivolt scale of the 
voltmeter and held on the cable sheath, as shown in Fig. 81. 
The distance along the cable sheath between the two rods 
should vary with the resistance ol Ae a\\eattv, ani lax 'ii* 
•'Cerent sizes of cable, is as given m TaWe "XIN. 
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TABLE XIV. 



DISTANCE BETWEEN ELECTRODES FOR MEAS- 
UREMENT OF CURRENT IN SHEATH. 



Size of Cable. 

25 Pair— 22 Gauge 
50 Pair— 22 Gauge 

100 

200 

400 



Distance Between Rods. 

5 Inches 

8 Inches 

10 Inches 

15 Inches 

21 Inches 



Pair— 22 Gauge 
Pair — ^22 Gauge 
Pair— 22 Gauge 

The cable sheath should be made bright with a piece of 
emery paper at all points of contact. 

Insulation Joints: — In all cases where cable sheaths are 
found to be positive to ground, an examination should be 
made to determine if the trouble is caused by the contact 
and grounding of the cable with foreign pipes in manholes 
or with other iron work, such as iron trestles or bridges. A 
great deal of trouble is often experienced in such cases by 
current feeding into the cable from these structures. All 
cables which are necessarily in contact with iron work used 
as a return for a trolley current, should be provided with 
an insulation joint at each end of the structure. The sheaths 
of the cable sections on each side of the structure should be 
made continuous by means of an insulated copper bond 
wire carried past the point so insulated, as in Fig. 82. The 
method of making an insulation joint is as follows: 




Uanbol*. 



?!anhol«. 



Fig. 82. Method of Bonding Cables Past Insulation Joints. 

The joint is made in the nv^tvVvoV^ tv^^.x^%\. 'Ccv^ \svAl%^ ^'^ 
trestle and iocated in a straight ^otNao^ ^^ ^^ ^-^i^^ ^^^ 
k will not be subjected to sIt^lvx^s. K-X. 'Cc^^ c^-cx^*^ ^"^ 
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cable on which the joint is to be made, a ring of lead sheath 
% of an inch wide is removed and 4 inches on each side 
of this ring two small openings are made. As much par- 
affin is poured into the cable at these points as it will absorb, 
and the small holes are closed and soldered. At the point 
where the ring of sheath has been removed, lamp wick sat- 
urated with hot paraffin is wrapped around the cable core 
in such a manner as will prevent the two sections of sheath 
from coming in contact. Two layers of tape are then 
wrapped around the wfcking and for about 3 inches on each 
side of it, and a heavy coat of asphaltum paint is applied to 
the tape. Over this coat of paint is wrapped a double layer 
of tape, followed by a heavy coat of asphaltum paint, the 
process being repeated until 8 double layers of tape arc 
applied. The direction of the tape is reversed on each layer, 
and each layer overlaps the preceding one. A split lead 
sleeve is then placed over the tape, care being taken that 
it does not come in contact with the cable sheath at the 
insulated end. The seam is now soldered and a wiped joint 
made at the uninsulated end of the sleeve. The insulated 
end is wrapped with tape applied in opposite directions, and 
the whole joint given two coats of asphaltum paint. The 
method of making this joint is shown in Fig. 83. 

Method of Making Cables Negative to Ground: — The 

most approved method of making cables negative to ground 
is to run a bond wire from the cable to the negative bus 
bar of the power switchboard. When the expense of this 
method is prohibitive, the bond wire may be connected with 
satisfactory results to a point on the negative return feeder 
or trolley rail. The point of attachment to the cable is de- 
termined by differences in potential, and should be so located 
and the bond wire of such size that there will be a consid- 
erable flow of current from the cable sheath to the negative 
return system. 

Size and Character of Bond Wires:— The bond wire 
J22i/st have a less resistance than the resistance between the 
cab/e sheath and the earth where tVve ca\Aea ^xt "^o^VxSn^, 
'^t this resistance should be only low enow^Vv to ixv.^^ ^^ 
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¥ig. 83. Method of Making Insulation Joints. 
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cable slightly negative. If the cable sheaths are made too 
strongly negative, very large currents may flow into the 
cables, and generate chemicals which react to destroy the 
lead sheathing. This action takes place when the currents 
are very much reduced or shut off, as would be the case 
during the night. If the cables are too strongly negative, 
there is also the danger of arcs being formed between them 
and neighboring grounded conductors, such as pole pipes 
or water or gas mains. 

The following may be used as a guide in figuring the 
size of bond wire to employ: For a difference of potential 
of 10 volts between the negative pole of the power house 
generators and cables, use a conductor whose resistance is 
not more than ^ an ohm. All bond wires should be in- 
sulated with a double braid. 

Fuses having a carrying capacity of 100 per cent, above 
the normal maximum current carried by the bond wire 
should be installed as a protection against any abnormal 
current from the trolley feeder system which might cause 
damage to the cable plant. This fuse will also serve as a 
test joint on the bond wire. 

The sheaths of aerial cables will carry a large amount 
of current without overheating, and may be used as an 
auxiliary to the bond wire where conveniently located. 

Bonding of Cables: — ^All cables should be bonded to- 
gether at frequent intervals, usually at manholes 1,000 feet 
apart and whenever there exists a difference in potential of 
.2 volts. This reduces the resistance of the cable and pre- 
vents the passage of currents from one cable to another by 
other than ^ metallic connection, with consequent electrol- 
ysis. The method of bonding ciables is shown in Fig. 73, 

The negative pole of the power house generators should 
always be connected to ground. If this is not done, the 
rapid destruction of cables and other underground structures 
rvJ]] resuh, 

■BJectrolytic Survey: — At least once a. "ye^t ^ ?rjs\.^Tcv^\XR. 
'measurement of differences in earth potent\a\ tVitou^V^OMX. VJtv^ 
chang^e area, should be made. This \s aiccom^W^V^eL >oi 
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measuring the differences of potential between a ground 
connection near the power house and negative return feeder 
attachment, and representative points in the cable district. 

Inspection Report File: — ^The inspection reports should 
be filed in the inspection division office under the exchange 
and cable number, together with a brief statement of the 
work done as a result of the recommendations made. Copies 
of each inspection report should be sent to the department 
having charge of new work or reconstruction and also to 
the department having charge of cable trouble location and 
repairs. 

It is especially important that the notes of all electro- 
lytic inspections be preserved, as the data acquired from re- 
peated inspections becomes of great value. 
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CHAPTER VII. 

CABLE TROUBLES AND TESTING. 

By analyzing the causes of trouble in telephone cables, 
the most effective and economical method of repair can be 
decided upon, as well as measures taken to prevent the re- 
currence of the trouble. 

Holes Through Lead Sheath: — ^A majority of cable 
troubles are traceable to holes through the lead sheath of 
the cable, and the consequent destruction of the paper in- 
sulation by the absorbtion of moisture. 

Defective Plumbing: — Holes are often caused by defec- 
tive plumbing. In making a wiped joint, unless the cable 
sheath is properly tinned, a small crevice is left between 
the sheath and wiping metal. Cracks are also caused by 
moving the wiping metal around after it has started to set. 

Bums: — ^Another frequent source of trouble is from 
holes caused by burns between the cable and messenger 
wire. The messenger wire comes in contact with a high 
tension wire and carries this high potential current along to 
.some point of partial contact with the cable, forming an arc 
between the cable and messenger wire with resultant dam- 
age to the lead cable sheath. This trouble is prevented by 
bonding the cable and messenger wire together at intervals 
of one thousand feet along the cable. See Chapter III, Cable 
Construction, Bonding and Grounding. 

When open wire lines of over one-half mile in length 
are connected to an aerial cable, the connection should be 
made through fuses and carbons. If the cable is not pro- 
tected in this manner lightning may strike an open wire 
lead and follow it into the cable. The lightning will pass to 
ground at some point offering least resistance for its pass- 
age, as at a bend in the cable, but in so doing burns off the 
conductor that brought it in and sometimes others and a 
Aole through the lead sheath. If high tension wires become 
crossed with the open wire lines, the eftect \s svmW^T \o V?ftaX 
^ ^ lightning stroke, although usually uot so scvtte. 
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Vibration: — When cables are carried across bridges, 
vibration sometimes causes breaks to occur in the lead 
sheath. This trouble is prevented by either supporting the 
cable from the messenger wire by means of extra long cable 
clips, or by placing the cable in a smooth pipe across the 
bridge. 

Bullet Holes: — Occasionally trouble is caused by bullets 
being shot through the cable sheath. This causes crosses 
and sometimes open pairs, and moisture is also absorbed 
into the cable. 

Mechanical Injuries: — Cables sometimes suffer from me- 
chanical injuries, such as chafing on trees or other objects, 
and spur or nail holes caused by careless workmen. 

Defective Potheads: — Trouble is often caused at pot- 
heads by compcfund being poured in around the rubber 
covered wires while very hot. This softens the rubber in- 
sulation and causes short circuits. On the other hand, if 
the cable compound does not flow freely into all parts of 
the pothead, a leaky terminal may result. 

Open Wires: — ^Trouble from open wires may be caused 
by lightning and high tension burns as before mentioned, 
by bullets cutting through cable pairs, and by wires being 
poorly spliced either at the factory or by splicers. Another 
cause of open wires iti cables with No. 22 B. & S. gauge con- 
ductors is traceable to the use of a knife by the splicer in 
picking out pairs. If the knife nicks the wire even very 
slightly, a small strain on the cable will cause the wire to 
open. 

Wire Showing Abnormally High Resistance: — A loose 
joint in a cable splice will cause the resistance of a cable 
wire to measure higher than it should be for the length of 
cable. 

Frozen Cables: — ^Water frozen in cables becomes an in- 
sulator, hence trouble will come and go in a cable, depend- 
ing on whether the weather is warm or freezing. 

Defective Paper Insulation:— Boiling out a splice many 
times has a tendency to rot the itiswAa.lva^. W ^^'^i^NNaa. \s^ 
be done on a splice o£ iVvis *ot\, Sx. v^ xftSix^ ^^^^q^nr.-'^ *^ 
cut in a new splice or a sVvoxt ^\ec^ o\ xv«^ C3^^^- 
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Electrolysis: — Cable sheaths are normally of very low 
resistance, and in cases in which this resistance is lower 
than that of the earth or adjacent underground pipes, 
grounded return currents from electric railway systems will 
flow through the sheath on their way to the power house. 
Electrolytic action takes place where the currents leave the 
cable and pass to earth, producing a peculiar "pitted" ap- 
pearance upon the cable sheath and Anally destroying it. 
The amount of electrolytic action depends upon the prox- 
imity of the cables to, and the distance the cables parallel 
the electric railway, the conductivity of the earth, and the 
proximity to the cables of other underground structures. 

Cases have been noted in which the anchors of aerial 
cables were eaten off by electrolysis. This is prevented by 
keeping the anchor guys free from electrical contact with 
the messenger wires. 

The measures to be taken for the prevention of electrol- 
ysis have been discussed in Chapter VI. "Cable Inspection." 

Maintenance Organization: — In the case of a large ter- 
ritory a suitable organization for cable maintenance would 
consist of a maintenance office at the center of the district 
and an adequate force of traveling testmen and splicers. 

Reports of Cable Trouble: — Cable trouble should be re- 
ported by telephone direct to the cable maintenance office 
by the local exchange manager. In making his report, the 
manager should give as much information as possible re- 
garding the location and extent of the trouble, and follow 
his telephone message by a written report made out on a 
form similar to that shown in Fig. 84. The cablie mainte- 
nance office immediately communicates with the testman 
who happens to be nearest the exchange where the trouble 
occurred, and sends him a "Report of Cable Trouble" (Fig. 
85) bearing as much information regarding the trouble as 
can be secured, together with a cable map of the exchange 
giving distances between pole centers or manholes. Upon 
completing his repair work the testman fills out this form 
ivjth a detailed statement of the trouble cleared, condition 
o/" cable pairs, and the time and expense mcutte^ Vj Vvcbl* 
' ^ ^"^ others in repairing the trouble. TVie com\\tXt^ t^ 
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Manager^s Report of Gtble Trouble* 

Exchange. Date 



To Testing Division : 

Confirming telephone report of 

A. M. 
P. M. 

Cable No Nature of trouble, 



Number of subscribers out of service 
Remarks 



Signed 

Manager. 

Us. 84. 



ports are filed in the cable maintenance office under the ex- 
change and cable number, and may be quickly referred to 
in looking up old cases of trouble. At the end of each month 
a statement is prepared from this file giving the causes of 
each case of trouble and the cost of clearing it. 

By keeping a continuous record from month to month 
for a given territory, the relation between the growth of 
the plant and the changes in the maintenance costs can be 
compared, and a close supervision kept over the maintenance 
expense. Also by comparing maintenance costs for one ter- 
ritory with those of another territory, provided a common 
system of records and work is adopted, information can be 
obtained as to the relative efficiency from a cost standpoint 
of the maintenance organizations in these territories. 

Should trouble be caused by defective plant conditions^ 
such as improper bonding ot ^.toMtv^vck^ o\ 'Cwt ^•!^^^> "^^ 
^le of inspection reports beiote tti^tx^^ \.o ^■^'Ck.Xi^ ^^^^'si^s^.'e^' 
and whether the fault is caused by X.Vve \xvs'^^<^'^^^ ^"^"^ '^^'^'^ 
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CA8H TR008LB REPORT. 



.Bxehang*. 



ID^Xm 



TMDBUI RlPOltnPi 



Cabl* Me* 



>A<iir« of. 



TMDVLB^LOCATBDx 



Itattor* off. 



Pairs in trouble. 



LoeatioBt 



9%tha «fl«d to locate troliblty, 

CJMM OfniDi 

luHber af places, 



Looation of aadif. 



Causes ef trouble,, 
new repaired > 



Troablt left, in cable, if any. 



Tiae ^ent on Job, Carfare^ ^Bzpresssse, 

Tesa hire, ^Material used', 



I find trouble cleared. 



Splicer, 



_»ire chief, 
Testaan. 



(Reverse side Of Cable Trouble Report) 



MATRRIAL AND EXPEHSB. 



Carfare 



vr 



Dray 



Aaouni 



Splicers • 
Helpers 



nours 



JSTi 



Board 



sc. 



Testman 



Days 



Miterlal 



'IIEIilii511 



Amount 




Testnan. 



CABLE TBSTmO DIVISION REPORT OP CABLE TROUBLE. 



FIff. S6. 
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ing the defect, or by the negligence of other departments 
in not making repairs in accordance with the recommenda- 
tions of the inspection division, the responsibility may be 
easily fixed. 



Gauge, B.& S. 
Jength, 



Exchange. Cable No. 
E.S.C. 



Pairs 



Date Inatalled, 



TROUBLE RECORD. 



.7TTll;M.T>U^T.Ii;/CTT.II>»m7T.I 



Pal rat in troublel 



HSXS 



W SPECTI6W RE P 



ifn*^^^' 



tenarKa 



?fear 



Recoimoendat l ona 






CABLE RECORD CARD-TESTING DIVISION. 



ng. 86. 

The form shown in Fig. 86 is used in the cable mainte- 
nance office as a ready reference record of each cable, and 
bears an abstract of the inspection report and cable trouble 
reports. 

Cable Testing Apparatus: — A cable testing set for fault 
location consists of a Wheatstone bridge, galvanometer, and 
battery wired up to a switch for making different tests, the 
whole being mounted in a carrying case. 

Fig. 87 illustrates diagramatically a type of what is 
known as the "Plug Decade" testing set, manufactured by 
the Leeds & Northrup Company, a detailed description of 
which is as follows: 

The rheostat is arranged on the decade plan. This re- 
quires but a single plug for each row of resistances, which 
makes it very convenient to manipulate, and has the very 
decided advantage that the resistance is read off ditectVs 
from the position of the p\uga. Ks '^V^ \>^ wcAsA. Sx«"csc "^ssr 
drawing, the blocks are m p^Vts ^.tv^ ^^^V ^>^^^ ^^ ^^<ic« 
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ically independent of the Other blocks. There is conse- 
quently no danger that a plug contact will be loosened by 
removing a plug near it. 

The ratio coils are arranged on the plug-in plan and 
are reversible. 

Blocks are provided so that connections can be quickly 
made for locating faults by both the Murray & Varley Loop 
Tests. 

Binding posts are provided so that an outside battery 
can be used, or an outside galvanometer, thus providing for 
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Fig. 87. Plug Decade Test Set. 

the possibility of using more battery in case faults are to 
be located where there is a very high resistance in the fault, 
and also for the possibility of using a highly sensitive* out- 
m'de gah-anometer in similar cases. The set contains four 
ce//s of battery, and a sensitive portable ga\vatuj\Qctct, .HV\da 
'*'ill deflect one division with one voU tbroasH a i 
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of about one-half megohm. The battery is ample and the 
galvanometer sufficiently sensitive to meet all ordinary re- 
quirements. 

The method employed in the bridge arm arrangement 
avoids the use of a commutator, such as is used in the post- 
office type of bridge having reversible bridge arms, thereby 
eliminating the use of two extra plugs. Another decided 
advantage of this bridge coil arrangement is the fact that 



the formula for the unknown 



i always 



regardless as to whether a particular coil is used in the A 
arm or B arm. The bridge has six coils 1, 10, 100, 1.000, 
1,000, 10,000 ohms which are adjusted to an accuracy of 1/20 
per cent. 

The rheostat has four decades with values of units, tens, 
hundreds and thousands, there being nine values in each. 
The accuracy of adjustment is 1/10 per cent. The coils are 
arranged upon a plan using but 4 coils to each decade. 

In the "Dial" form of test set a dial wheatstone bridge 
and rheostat is substituted for the plug system. Fig. 88 
illustrates such a set, made by the Thompson -Levering Com- 
pany. 



■ " ::®7CsS*----,^----fw:i?3 




Fig. 88. ThompsoTi-l-.«Ntt\t\^ 



XS^^^ ■^'^'■■^ '^^■^- 
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This set is of the latest improved type of switch con- ■ 
struction, and is adaptable to all tests in which the Wheat- 
stone Bridge conditions may be used. 

The rheostat is composed of four dials of ten coils each. ■ 
These dials have values of units, tens, hundreds and thou- 
sand ohm coils, which are guaranteed accurate to 1/10 of 1 
per cent. The bridge arms A and B have values of 1, 10, 
100 and 1,000 ohms in each arm, guaranteed accurate to 1/20 
of 1 per cent. The accuracy of this adjustment makes the 
results as close as are practicable, and the values of the 
arms give a very wide range of measurement. 

The switches are of a special design, of the quick make . 
and break style, allowing the tester to make changes rapidly \ 
in performing the different tests to be made, thus making ', 
it very easy to manipulate. 

The rheostat dials have a special design of brush, which 
is entirely new, and which gives a uniform spring contact, 
both on the arm running over the blocks, and also on the 
center ring. The brush is laminated with a number of 
laminations of spring phosphor bronze, the ends are care- 
fully ground, and slide over the contacts evenly and smooth- 
ly, and the contact resistance is negligible. The brush is 
set at an angle, so that in swinging over the blocks, it does 
not mark or line the blocks. The contact surface on the 
center plug is equal to the contact surface on the stud, thus 
on all switches the contact surfaces are equal. There are 
no flexible leads or connections to these brushes, all con- 
nections being permanent and rigid, and the brush is so 
arranged that it swings in a complete circle in either direc- 
tion, going from the highest value to the lowest value coil 
in any decade, without having to be turned back over the 
intermediate blocks. 

In this set, as part of the apparatus, is an Ayrton shunt, 
allowing the use of full current, 1/10 part of current, or 
1/100 part of the current to flow through the galvanometer 
of the set, or the outside galvanometer, whichever is used 
whh the bridge at the time, and provision \^ tnade^ by a 
gi//c/r make and break switch, to use eitVvw msi^^ ot Qi>ax^\^t^ 
ralvanometer. The g-alvanometer itseVi \s oi \.Vv«^ ^"Kx^otvn^ 
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type, and has a very high sensibility. The magnet is made 
of special magnet steel, carefully aged, and is permanent 
and strong. The ga,lvanometer is very quick and positive 
in its action, and the construction and design is such that tt 
is extremely dead-beat, making readings very easily and 
quickly. The galvanometer key is arranged with a short 
circuit device, which also helps to bring the needle to rest 
promptly. The galvanometer scale has thirty millimeter 
divisions with center zero, is well lighted and easily read, 
and the scale is uniform, making the set well adapted for 
insulation i 



The batteries in the case consist of four commercial 
size cells, and these cells are replaceable by removing four 
small screws, which releases the cell block in which the new 
cells are put, this block is then slipped back into place and 
screwed in, the operation taking but a very few minutes, and 
the rest of the set being entirely undisturbed. 

The size is, 914 inches long by S^i inches wide by Syi 
inches deep, and the set complete, as taken out by the tester, 
weighs 734 pounds. 




Fig. 89. "Wirc\Ms" CioVt t«».'ws- 
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Fig. 90. Matthews Telefault. 



Fig. 89 shows an instrument called the "Wireless" Cable 
Tester, manufactured by the Electric Specialty Company. 
This instrument operates from mutual induction and can 
be used for locating all cable troubles except "opens." The 
apparatus consists of a means of producing a current in a 
circuit, and then tracing the circuit by means of an ex- 
ploring coil and a telephone receiver. This device requires 
no technical knowledge whatever to operate it, and has 
proven satisfactory to hundreds of telephone companies. 

Fig. 90 illustrates diagramthatically another instrument 
of much the same class, known as the "Telefault," and man- 
ufactured by W. N. Mathews & Brother, space not permit- 
ting a detail description. 

Methods of Fault Location: — The following methods of 
procedure in locating troubles have reference to the use of 
a testing set making use of the Wheatstone Bridge principle. 

Preliminary Voltmeter Te«t>— Before proceeding to make 
yau/t locations, the insulation resistance of all conductors in 
t^e cable should be measured by means oi 3l st.Tvs\l\ve high 
resistance voltmeter and battery in series, Msms ^>^^ \o\\q^- 
'/T formulae: 
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Let X equal resistance of cross or ground in ohms. 
R equal resistance of Voltmeter. 

D equal deflection of Voltmeter without x in circuit. 
D2 equal deflection of Voltmeter with x in circuit. 

(D-1) 

Then X equals R 

( D2 ) 

One terminal of the voltmeter is connected to the con- 
ductor under test and the other touched first to ground and 
then to the other wires in the cable. This test will show 
whether the conductor is grounded or crossed with any 
other conductor in the cable, and if crossed will tell the 
wire with which it is crossed. A record should be made of 
the reading of each conductor. 

Terminal Trouble: — Should the trouble be on only a 
few pairs, it may be found at some terminal where these 
pairs are tapped out. The causes of terminal trouble may 
be dirt or solder grounding the terminal, the pair may have 
a dead service loop connected to it, or the tap cable may be 
grounded on the terminal base or have some defect in its 
sheath. 

Locating Trouble on a Grounded Line: — If the trouble 
does not locative at a terminal, a cleaf wire and a badly 
grounded one should be connected together at the outer end 
of the cable, and the resistance of the loop measured U|> as 
follows : 

Resistance Measurement: — Fig. 91. 




> 



Fig. 9\. TLe^\^x.^xvc^ v^^7.'=.vix^'«^^'^^- 
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The resistance of the loop (x) equals — x R. The re- 

B 
sistance so found must be multiplied by 31 for 22 gauge 
cable and 61 for 19 gauge cable, as these figures represent 
the length in feet of a loop whose resistance is 1 ohm; this 
result should be within 3 per cent, of the actual length of 
the cable. If it does not come within this limit, an error 
has probably been made, and another combination of a good, 
and bad wire should be tried. Should this measure up the 
same as the first loop, the cable measurements are very 
likely wrong. 

If the loop resistance measurement appears correct, the 
switch of the cable testing set should be thrown to the 
Murray position, and a fault location taken, using the fol- 
lowing formulae: 

Improved Murray Loop Method: — Fig. 92. 




3. 



Good Wlr^ 



Fig. 92. Murray Loop Test. 

A = 100. 

R = 0. 

X = distance to fault in feet. 

/ =^ length of cable in feet. 

T/icn A :B = X :21 — X, or X = 



1\K 



B-VA 
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Good Wire 



> 



Fig. 93. Check Measurements, Murray Loop Test. 

Check Measurements: — Fig. 93. 

AA 10,000 

A'=100. R'=0. B' = = 

B B 

In order to insure a minimum effect from disturbing 
currents, ground connection should be made only on the 
sheath of the cable under test. 

In cases of disturbances from polarization, a reversing 
key placed in the battery circuit should be frequently re- 
versed. 

The leads should be as short as possible, of the same 
length, and of the same size wire as the cable conductors. 
The length of the two leads should be included in the 21. 
Then the result x will include the length of one lead. If B 
equals 100, fault is at distant cable end, if B equal 10,000, 
fault is at the testing end. 

Good and bad wires should be a pair if possible, as the 
wires in two pairs may not be the same length, due to the 
fact that one wire may twist around the outside of the cable 
core while the other may be in the center. 

Sufficient battery should be used to give a good deflec- 
tion of the galvanometer needle, but too much battery wUl 
heat up and increase the resistance of the btvd%<^ ^c$^^ -vsn^ 
thus not give a true readmit. 

At least three rcadm«s sYiwX^ \>^ \aN«5v. n^^vc^ ^^s&et 
pairs if possible. 
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Case of a Very Slight Ground: — In the case of a very . 
slight ground, a more sensitive galvanometer or more battery 
should be employed. The latter course is recommended be- 
cause of the liability of trouble from induced currents when 
using a highly sensitive galvanometer. A ground of this 
sort can often be increased or removed by putting ringing 
generator current through it. 

Multiple Cables: — If a multiple cable with two or more 
long branches is in trouble the first location should be taken 
with the wires looped at the end of the longest branch. When 
the trouble locates at the multiple of the main cable with a 
branch cable, it may be anywhere in the branch, therefore 
another location should be taken between the end of the 
branch and the office. This should give the exact location. 

Locating Trouble on a Crossed Wire: — Should the wire 
be crossed with another wire instead of being grounded, 
the same method of locating the fault can be used, except 
that one of the crossed wires is connected to the ground 
post and the other is used for the side of the loop. By re- 
versing these wires, and using the side that was employed 
for a ground connection for the loop, and the other crossed 
wire in place of a ground connection, a check location can 
be obtained. The resistance of the loop should first be meas- 
ured to see that connections are properly made and that the 
length agrees with the resistance. 

Location by Resistance: — When wires become crossed 

there is sometimes practically no resistance between the 

wires at the point of contact. By measuring the resistance 

between the wires and multiplying this resistance by 31 for 

22 gauge cable, or 61 for 19 gauge cable, the distance of the 

fault from the office will be obtained. In case the cross has 

some resistance in it, the trouble will locate farther away 

than it actually is, but will never be much beyond where 

the )ocation places it. A cable will sometimes become burned 

/ro/n a high tension cross which will open up \Vvt V\Tt?> Vt^Tcv 

>^e end and fuse them together at iVvt olViw en^, xV^ixv >i^\^ 

^t j's the most practical one. 
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frnnrl Pnlr 



Bad fair 



Fig. 94. Open Wire Test. 



Locating Trouble On an Open Wire: — If an open wire 
tests clear of grounds and crosses, the fault can be located 
as shown in Fig. 94. After making connections the reversing 
switch S is rapidly rotated and A adjusted until no sound is 
heard in the telephone receiver R. 
B = ratio arm of bridge. 
A = variable resistance of bridge. 
1 = length of cable in feet. 
X = distance to fault in feet. 

B 
Then X = — x 1 
A 

The accuracy of this method depends upon the capacity 
of the two wires being equal. 

Locating Trouble When an OM\»Afc '^Vt^ ^^"w. \ft ^ 

U8ed:—If all the wires in a ca.\Ae ^te^ ^o>wv^^\, -a:^ '^;;^'' 
wire of any convenient size sVvonVd >ae rvm VcCxO^v -w-^ 
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from grounds. After the wire is strung the following method 
of locating trouble should be used. Fig. 95. 
1 = length of cable in feet. 

A = 100. 

R = 0. 

X = distance to fault in feet. 

r = resistance in ohms of bad wire. 

S = resistance in ohms of loop (good and bad wire). 

D = reading of instrument. 







Good Out?!lde ^Ire 



Fig. 95. Locating Trouble When an Outside Wire 
Has to be Used. 

A 1 S S 1 A 

Then X = x = — x 

r D+A r D+A 
r is found by measuring up the loop resistance of the bad 
wire with its mate and dividing by two. 

Locating Trouble in Frozen Cables: — When water gets 
into a cable and freezes the insulation resistance of the con- 
ductors will measure the same as if the cable were clear. 
To locate this trouble, the cable should be heated up with 
a furnace passed along it. A sensitive high resistance volt- 
meter and battery should be placed in series between the 
STound and one or more; of the cab\e condueXois. K% %c^otl 
■^ tAe section with the moisture in it is Vvt^\.e^ vV^t«. V-CCi 
• a defection of the voltmeter tveedU. li tvol lo>xa^ Vs 
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this way the trouble should be left for warm weather, when 
it can be located in the usual manner. 

Locating Trouble When Loop Is Made up of Different 
Sixed Conductors: — It often happens that a piece of 19 gauge 
cable will be spliced into a cable with 22 gauge conductors 
or vice versa. In this case the usual method of fault loca- 
tion would give a false reading. This can be avoided by 
making a diagram of the cables, showing the section lengths, 
terminals, important streets, the size of the conductors and 
the number of pairs in the cable. The section lengths for 
19 grange cable can be used in the formulae for fault loca- 
tion, but those for 22 gauge cable should be multiplied by 2, 
as the resistance of 22 gauge wire is practically double that 
of 19 gauge. 

Varley Loop Test: — The Varley loop test is much used 
for open wire work, but the Murray loop is considered more 
advantageous for cable trouble location. 





Fig. 96. Varley Loop Test. 



Make B = A. 

I/et X = distance of fault from end. 
1 = length of pair in feet. 

C= resistance oi loop. ^ 

i^= resistance required \o >o^\^xv^^ ^^ x^ix^v^^^'^ ^V^'^^ 
beyond fault. 
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ViR X 1 R 

Then — or X = 

HC 1 C 

€ 

— = resistance of 2 feet of wire. 
1 

R 



X 



Resistance of 2 feet of wire. 



DIFFICULTIES IN MAKING MEASUREMENTS. 

Restless Galvanometer Needle: — Heavy currents flowing 
near the galvanometer are indicated by the galvanometer 
needle being restless all the time. This can be remedied by 
setting the magnet of the galvanometer at right angles to 
the disturbing conductor. If the disturbance is caused by 
a trolley wire, the galvanometer needle should be set in the 
direction it would take if placed very near the conductor or 
along the magnetic lines of force. The needle can be set 
in any desired position by creating a new magnetic field 
near it, this being done by placing some small article of iron 
or steel adjacent to it. Care should be taken that the new 
magnetic field is not so strong as to impair the sensitiveness 
of the needle. 

If the galvanometer needle appears to be restless as 
soon as the galvanometer key is pressed, foreign currents 
are probably flowing in the loop under test. If the disturb- 
ing current cannot be shut oflf, another loop should be tried. 

A restless galvanometer needle may sometimes be caused 
by induction from an adjacent power wire when an outside 
wire is used for testing purposes. This can sometimes be 
cured by using another wire for the loop. 

Two Faults: — Two faults on a conductor will often 
C3i/se a restless ^aivanometer needle, due to a difference of 
potential between them. A measurement can soTa^\\Ts\ts \i^ 
cured by balancing th^ needle, taking a rea^m^, tVvwv x^- 
'"^ ^y7e battery, balancing the needVe and taV.\n^ ;a. ?.^^ 



rs 
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ond reading. The approximate true reading will be the 
average of the two readings. Should there be two faults in 
the cable the test will locate the apparent trouble somewhere 
between the two real troubles. If the cable is opened and 
trouble found both ways from this opening, a new location 
should be made from the first location to where the cable 
is open, cutting off the ends of the test pairs beyond the 
opening. Extra care should be taken on this location, at 
least five readings being taken. The cable should be opened 
at the place indicated by the test, after closing the one al- 
ready opened. After the one case of trouble has been 
cleared, the cable will have but one case of trouble in it, 
which can be cleared in the usual manner. 

Disappearing Ground: — Sometimes while trying to make 
a location, the fault will disappear. This is usually caused 
by the battery current from the testing set turning a slight 
moisture ground into gas. Often by waiting lor a short 
time the ground will reappear, or can be located by using 
more battery and taking a quick reading. The ground can 
sometimes be increased or burned out by ringing generator 
current applied to the faulty wire. 



METHODS OF CABLE REPAIR. 

Splicer's Work: — Upon receiving the report of cable 
trouble the testman and, splicer should proceed at once to 
make locations, while the helper sees that tools and material 
are in readiness for the splicer to begin work. Sometimes 
the trouble can be found before the tools are unpacked and 
if it happens that the trbuble is of such nature that no tools 
are required for its repair, the tools can then be shipped to 
the next job without unpacking. 

The splicer should go to the outer end of the cable, or 
to a terminal designated by the testman, and call the test- 
man over a pre-appointed pair. If he cannot rta.clv tk«. <.^<5.^ 
man in this way he should caV\ xVt tt.TvVc?\ o^^^ ^-s^ •^^^•Cij^ks 

pair and get into commumcatioti ^\XV \>ev«. X^sN-^-aw^ ^"^ ^^^'^ 

[y as possible. 
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The splicer should inspect the cable as he walks along it, 
and report any condition that might have caused trouble to 
the testman. If the cable pair to be tested has subscribct 
Jines working on it. they should be removed and marked so 
that they can be properly replaced after the test ts made. 
As soon as the testman has located the trouble, the splicer 
examines all wiped joints and soldered seams near the loca- 
tion. If the trouble locates near a terminal and there are 
only a few pairs in trouble, it will probably be found in the 
terminal or cable box. providing the pair is tapped out at 
that terminal. If the trouble is not found in this way, the 
splicer should make a close inspection of all parts of the 
cable one hundred feet on each side of the location. This 
is done from a cable car as in Fig. 97. loaned by the F. 




Bissell Company. If the trouble is not found by this inspec- 
tion the cable should be opened up at the sleeve nearest the 
location. The sleeve can be removed by unwiping the joints 
at either end and slipping it »long the ciWc, or by catting 
't off, in which Oisc a new split aVeevt wow\4 \>t twxh*4. 
TAe former method is to b« preletted not obV-j citn. %VL«ra».\. 
'/■ tAe siving in material but because \t is AxffvcaVt to w,ciwA 
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seal a seam in a split sleeve, and being the weakest part of 
the sleeve, the seam is liable to crack if slightly strained. 

After the lead sleeve is removed the muslin wrapping 
should be cut away from around the splice and hot parafHn 
poured over it to loosen up the wires for hunting pairs, 
taking particular pains while so doing not to disarrange the 
splice any more than is absolutely necessary. All the pairs 
to be tested should be connected up with generator if pos- 
sible, so that it is necessary to hunt only once through the 
splice. All pairs opened should be carefully marked so as to 
avoid making mistakes in re-connecting them. 

Removal of Moisture: — ^The most general trouble is that 
caused by moisture being absorbed into the cable. This is 
removed by boiling out the core with hot paraffin. After 
the moisture is boiled out of a splice the insulation resist- 
ance of the conductors should be measured with a voltmeter 
and battery. Occasionally the conductors will show low in- 
sulation on account of the splice being very warm. It some- 
times happens that when water has laid in the splice for a 
long time corrosion from the copper wires will have injured 
the insulation, and the trouble will not yield to repeated 
boilings. This trouble can usually be cleared by picking out 
the bad pairs and separating them through the splice. 

After clearing the trouble the splice should be neatly 
arranged and thoroughly boiled out, and the lead sleeve 
wiped on in the usual manner. The same care must be ex- 
ercised in making splices on maintenance work as in con- 
struction. See specifications for Cable Splicing, Chapter III. 

Defective Potheads: — When a pothead becomes defec- 
tive it is considered economy to cut in a new pothead on the 
end of a piece of cable long enough to reach a point where 
a splice can be made to the cable, rather than to try to re- 
pair the damaged pothead. 

This piece of cable is then cut on to the old cable, and 
the old pothead and a similar length of old cable removed. 
For method of making Potheads, s^^ CVi^'^Vrx WV. 

New Section of Cable v-TYi^ u%^^\ tcv^"C^o«s. tA x^^jCxssj^^^ 
spliciDg in a new section oi c«.\A^ \s \^ Vc\\%'t ^^ 'c^ ^^ 
Oil to the old one at tbe ap\\cfi i^T\\i«^: Vt^^ "^^ 
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ofiice. The other end of the new cable is fanned out on 
a temporary connecting board, the left side of each paii 
being placed on a nail, the right side of the pair being in- 
sulated from all other wires and ground. 

The splicer then proceeds to test out the pairs and splice 
in the new section to the working cable at the splice nearest 
to the central office where the temporary connecting board 
is located. After all the pairs are tested out and spliced, the 
splicer returns to the splice fartherest from the central office, 
cuts off the old cable and splices the new one through in 
the usual manner. Before closing up the lead sleeves the 
conductors should be tested through from the central office 
to the terminal, in order to determine if all the pairs arc 
perfect. 

Should a section of cable be so badly grounded that it 
is impossible to test through it, the bad section should be 
cut out and the new piece to replace it spliced in at one end. 
At the other splice all conductors should be tested out both 
ways, numbered with small tags and the pairs with similar 
numbers spliced together. 

Defective Terminal Cable: — Sometimes moisture will be 
absorbed all the way through the cable at a terminal, crosses 
may develop in rubber cable on account of the rubber in- 
sulation being injured by too much heat, or the cable be- 
come damaged in some way requiring it to be jepla<:ed. In 
any of these cases a new terminal should be installed in 
place of the old one. The old terminal should be removed 
from the pole without disturbing the drop wires and the 
new terminal placed in the position occupied by the old one. 
After making the necessary tests, the new tap cable is spliced 
to the main cable, and the drop wires transferred to the new 
terminal, the old terminal and cable cut off and the splice 
closed. If the old terminal is of a type in which the ter- 
minal is independent of the tap cable and no trouble has 
developed in it, it may be sent to the storeroom and used 
ag-ai'n. 

Defective Lateral Cable: — ^Trouble ^\\\ it^qtviwniV^ ^^ 
^^op in a lateral cabJe from crossed and o^^w v^\t%. W 
^re are no defects in the sheath and the \ateTa\ Yi^'s. ^ 



CABLE TROUBLES AND TESTING 133 

least 10 per cent, of spare pairs besides the ones in trouble, 
it will not pay to pull out the lateral but the splice where 
the lateral joins the main cable should be opened and all 
bad pairs cut dead in the lateral. This will clear the main 
cable pairs of trouble and the pairs can be used at other 
terminals or at the end of the cable. When this is done the 
terminal should be made to number straight, that is the 
bad pairs in the lateral should be transferred so to be the 
last pairs in the terminal. Thus if the lateral cable takes 
pairs 1 to 100, and there are 10 pairs cut dead, the terminal 
would read from 1 to 90, instead of having the bad pairs 
appear in an irregular manner. A record of this change 
should be made on the cable trouble report and a note be 
made on the drawing for that cable, giving the correct num- 
ber of pairs ending at the terminal. 

If the lateral cable has a hole in it and is full of mois- 
ture, it should be replaced as soon as possible. If all the 
subscribers are out of service, or the lines are not im- 
portant, the lateral may be cut off and pulled out and a new 
piece pulled in and spliced up. If the lines are not all out 
and it is important that they be kept working, a piece of 
okonite or rubber cable should be multipled from the man- 
hole to the terminal. After this is done the defective piece 
of cable is cut off and pulled out and replaced with a new 
one, and the rubber cable removed. 

Defective Section of Aerial Cable: — Should an aerial 
cable be badly burned and trouble be found in a number of 
different places, it will bef economical to replace the cable 
rather than to try to repair it. The limits of the faulty cable 
should be determined, a new section strung alongside of the 
old cable, and cut over. 

Defective Section of Underground Cable: — Should a sec- 
tion of underground cable be defective, it should be replaced 
as soon as possible. It often happens that only a few pairs 
are bad in a section and it is a quesUow ^nV^^X.^^-^ <5k^ xv^^.^>^v 
is economy to replace it. A.?. ^ %ttvtT^ \>a\^, \^ ^^a^-^ ^S^ -^^ 
cent, of the conductors are Wd *m ^ ^.^cNaotv, Xn. -^^^^.^^ ^^ 
nomical to install a new ca\>\e. 'tVv^ ^^^ ^'^^'^ '^ '^^' 
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pulled into a spare duct near the bad cable, and cut into 
the working cable and the defective piece cut out. 

Cable Maintenance Rules:— -Splicers and testmen should 
as far as possible rigidly observe the following rules: 

1. Never leave lines out of service for more than one 
day. 

2. Never open cable unless sure of trouble location. 

3. Never split cable pairs. 

4. Keep everything as dry as possible. Keep paper 
sleeves and bandages in a dry tin box. 

5. Never leave a cable open any longer than is abso- 
lutely necessary and always provide protection from sudden 
showers when working on potheads or similar terminals. 

6. Limit the use of split sleeves as much as possible, 
and never split a sleeve that can be slipped from the splice. 

7. Never bandage a splice tight enough to crush the 
paper sleeves. 

8. Before wrapping a splice boil it out twice and once 
afterwards, but avoid filling splices with paraffin. 

9. Never use melted paraffin or cable compound with- 
out immersing a piece of rubber insulated wire in it for one 
minute, letting the paraffin or compound cool if hot enough 
to injure the rubber insulation. 

10. Never leave a splice with any trouble in it. 



CABLE COSTS 

CHAPTER VIIL 
CABLE COSTS. 

The cost of cable work varies greatly in differen 
tions of the country. The figures given in this chapt 
representative costs of work done under average cond 
and in a manner conforming to standard practice. "". 
fore, with proper allowance for any unusual local cond 
the matter given may be used in calculations with 
slight possible error. 

First Cost of Cable: — The first cost of cables de 
upon the ruling prices of the raw materials entering 
the construction of the cable, and various other cond 
such as the proximity of the cable factory to the point 
the cable is to be used, rigidity of cable specification 
inspection, etc. The following tables give the averag< 
of cables per foot made in accordance with the specific 
in Chapter I, and with the prices of raw materials as fo 

Copper $ .15 per pound 

Lead ~ ~ .045 per pound 

Tin 400 per pound 

TABLE XV. 

PRICES PER LINEAL FOOT, DRY CORE CABL 

Number 22 ga. 19 ga. 19 ga. 16 ga. 

of pairs H. C. L. C. 

10 $ .052 $ .072 $ .083 $ .109 

15 .063 .089 .099 .138 

25 .083 .114 .132 .195 

50 .126 .197 .216 .299 

75 .163 .264 .291 .431 

100 .212 .384 .408 .563 

150 .292 .509 547 

200 .408 .616 

300 .547 .83 

400 .682 

600 .975 



136 TELEPHONE CABLES 



TABLE XVI. 

PRICES PER LINEAL FOOT, MISCELLANEOUS 

CABLES. 
Kind. Price per foot 

Rubber cable, 10 pair, 22 gauge $0,168 

Rubber cable, 15 pair, 22 gauge 253 

Rubber cable, 25 pair, 22 gauge 313 

Wool cable, 100 pair, 22 gauge 44 

W ool cable, 200 pair, 22 gauge 72 

C>konite cable, 25 pair, 19 gauge 195 

Okonite cable, 50 pair, 19 gauge 44 

Cost of Cable Work: — For use in the preparation of 
estimates and comparison of different plans or types of 
construction, it is necessary to add the labor cost of con- 
struction to the cost of materials. The figures used in 
arriving at the labor cost should be average unit labor cost 
figures, that is, each item should cover an individual opera- 
tion, as placing messenger clamps, cable clips, etc., and 
should hold for the entire plant construction. 

Unit Labor Costs: — To obtain these unit labor costs, a 
cost system should be established on all construction work, 
from which the cost of individual operations and their re- 
lation to the total cost can be determined. Methods of cost 
keeping with forms are given in "Telephone Construction — 
Methods and Cost," by Clarence Mayer. 

Unit labor figures will vary greatly in different parts of 
the country, being dependent upon the wages for labor, char- 
acter of the construction, character of the territory, etc. 

The unit labor costs on cable work given in Table 

XVIII have been compiled from the records of work done 

by various companies in different cities and towns of the 

mddle western states. The average wages paid on cable 

^^or/r were as follows: 
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TABLE XVII. 

AVERAGE WAGES PAID ON CABLE WORK. 

Foreman Strand and cable work per 9 hrs. $3.00 

Linemen Strand and cable work per 9 hrs. 2.50 

Groundmen Strand and cable work per 9 hrs. 1.75 

Teams Strand and cable work per 9 hrs. 3.50 

Cable Splicer, 8 hrs 3.00 

Cable Helper, 8 hrs 2.50 

TABLE XVIIL 

UNIT LABOR COSTS, CABLE WORK. 

Boring holes for messenger clamp bolts $ .04. each 

Placing messenger clamp bolts 04 each 

Placing messenger clamps « 05 each' 

Placing guy clamps 04 each 

Placing cable crossarms 15 each 

Placing 10,000 lb. messenger wire 005 per ft. 

Placing 16,000 lb. messenger wire 005 per ft. 

Placing aerial cable, 25 pr. or smaller 010 per ft. 

Placing aerial cable, 50 pr ^ .011 per ft. 

Placing aerial cable, 100 pr ^ 012 per ft. 

Placing aerial cable, 150 pr .:. :013 per ft. 

Placing aerial cable, 200 pr ^ .014 per ft. 

Placing aerial cable, 300 pr .w. 015 per ft. 

Placing aerial cable, 400 pr « .OH per ft. 

Placing Marlin cable clips.. 005 each- 
Placing aerial rings — .005 each 

Placing 25 pr. cable box ^ j.,...^^.... .50 each 

Placing 50 pr. cable box ;....: 60 each 

Placing 100 pr. cable box - i..... .75 each 

Placing 150 pr. cable box ... 1.00 eack 

Placing 200 pr. cable box .. — V5i<\ 5L^<i». 

Placing 5 pair termina\ ^^ ^"^^^ 

Placing 10 pair terminal - - '^^^ ^"^ 

Placing 15 pair terminal 
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Placing 25 pair terminal 50 each 

Placing pole seats .75 each 

Placing balconies .^ 1.00 each 

Soldering wires on terminals .01 each 

Insulating cable with rubber hose ^ 3.00 each 

Placing guy plates . 01 each 

Placing guy hooks -. 04 each 

Placing guys ^ ^ ^ 1.00 each 

Anchor Shields placed - 25 each 

Placing grounds ^ 1.50 each 

Placing bonds **Adams Bonding Lug" 50 each 

Placing underground cable, 25 pr .01 per ft. 

Placing underground cable, 50 pr 012 per ft. 

Placing unclerground cable, 100 pr 015 per ft. 

Placing underground cable, 150 pr 018 per ft. 

Placing underground cable, 200 pr 020 per ft. 

Placing underground cable, 300 pr 021 per ft. 

Placing underground cable, 400 pr 022 per ft 

Placing underground cable, 600 pr.„ .03 per ft. 

Testing 10 pr. cable 30 each 

Testing 15 pr. cable 42 each 

Testing 25 pr. cable .52 each 

Testing 50 pr. cable 78 each 

Testing 100 pr. cable 1.18 each 

Testing 150 pr. cable 1.52 each 

Testing 200 pr. cable 1.84 eaech 

Testing 300 pr. cable 2.46 each 

Testing 400 pr. cable 3.06 each 

Testing 600 pr. cable 4.60 each 

Splicing 2 — ^25 pr. cables 90 each 

Splicing 2 — ^50 pr. cables 1.23 each 

Splicing 2—100 pr. cables 1.75 each 

Splicing 2 — 150 pr. cables 2.52 each 

Splicing 2—200 pr. cables 3.18 each 

Splicing 2 — 300 pr. cables 4.50 each 

Splicing 2—400 pr. cables ^ 5.70 each 

Splicing 2—600 pr. cables 6.36 each 

Splicing 10 pr. tap from 25 pr. cable M^ ^^Osv 

Sph'cing 10 pr, tap from 50 pr. cable '2.Si^^ ^-^^ 
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Spl 


cing 


10 pr. tap from 


Spl 


cine 


10 pr. tap from 


Spl 


cinK 


10 pr. tap from 


Bpi 


cing 


10 pr. tap from 


Sp! 


cing 


10 pr. tap from 


spi 


cing 


15 pr. tap from 


Spl 


cing 


15 pr. tap from 


Spl 


cing 


15 pr. tap from 


Spl 


emit 


15 pr. tap from 


Spl 


eing 


IS pr. tap from 


Spl 


cing 


15 pr. tap from 


Spl 


cing 


15 pr, tap from 


Spl 


cing 


25 pr. tap from 


Spl 


cing 


25 pr. tap from 


Spl 


cing 


25 pr. tap from 


Spl 


cing 


25 pr. tap from 


Spl 


cmg 


25 pr. tap from 


Spl 


cing 


25 pr. tap from 


Spl 


cing 


25 pr. tap from 


Spl 


cing 


SO pr. tap from 


Spl 


cing 


50 pr. tap from 


Spl 


cing 


50 pr. tap from 


Spl 


cing 


50 pr. tap from 


Spl 


cmg 


SO pr. tap from 


Spl 


cing 


50 pr. tap from 


Spl 


cmg 


100 pr. tap from 


Spl 


cmg 


100 pr. tap from 


Spl 




100 pr. tap from 


Spl 


cing 


100 pr. tap from 


Spl 


cing 


100 pr. tap from 


Spl 


cmg 


150 pr. tap from 


Spl 


cmg 


150 pr. tap from 


Spl 


cing 


150 pr. tap from 


Spl 


cing 


ISO pr. tap from 


Spl 


cing 


200 pr. tap from 


spi 


cmg 


200- pr. tap from 


Spl 


emu 


200 pr. tap from 


Sp} 


ciag 


300 pr. tap from 


Spli 


ing 300 pr. tap from 



100 pr. cable 2.48 each 

150 pr. cable 2.6.3 each 

2O0 pr. cable 2.78 each 

300 pr. cable 3.12 each 

400 pr. cable 3.41 each 

25 pr. cable..„ 1.85 each 

50 pr. cable 2.08 each 

100 pr. cable 2.57 each 

ISO pr. cable.- 2.70 each 

200 pr. cable..„ 2.8.1 each 

300 pr. cable ~. 3.16 each 

400 pr. cable - — 3.50 each 

25 pr. cable 3.12 each 

50 pr. cable 3.33 each 

100 pr. cable 3.50 each 

150 pr. cable _. 3.93 each 

200 pr. cable- 4.12 each 

300 pr. cable- 4.40 each 

400 pr. cable 4.76 each 

SO pr. cable 3.23 each 

100 pr. cable 3.77 each 

ISO pr. cable 4.2fl each 

200 pr. cable^ 4.81 each 

300 pr. cable 5.71 each 

400 pr. cable ™ 6.SS each 

100 pr. cable _.. 4.81 each 

ISO pr. cable 5.62 each 

200 pr. cable _ 6.43 each 

300 pr. cable 7.52 each 

400 pr. cable - 8.04 each 

150 pr. cable S.81 each 

200 pr. cable 6.S6 each 

300 pr. cable 7.S8 each 

400 pr. cable 8.63 each 

200 pr. cable 7.13 each 

300 pr. cable 8.27 each 

4O0 pr. cable __q.l4 -eari^ 

300 pr. taUe A%^ *^«^ 

AWJpT. tabXt- ^'^-'^'^ ^' 
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Splicing 400 pr. tap from 400 pr. cable 11.28 each 

Making 25 pr. pothead 2.85 each 

Making 50 pr. pothead 3.95 each 

Making 100 pr. pothead ^ 6.50 each 

Making 150 pr. pothead , 7.40 each 

Making 200 pr. pothead 9.00 each 

Making 100 pr. wool butt^ 6.00 each 

Making 200 pr. wool butt 8.50 each 

The above figures include the cost of supervision, travel, 
and expense, the approximate percentage for these items 
being as follows: 

Engineering and Supervision 10 per cent. 

Travel '.. 5 per cent. 

General Expense 5 per cent. 

The following example shows the method of using these 
unit costs in making an estimate: 

Labor cost of 1,000 feet of 50 pr. 22 ga. cable in place 
including terminals. 

1200-ft. 10,000 lb. messenger wire strung (a, $.005 .,....? 6.00 

10-holes bored @ $.04 40 

10-messenger clamp bolts placed @ $.04 40 

10-messenger clamps placed @ $.05 50 

1000-ft. 50 pr. 22 ga. cable placed @ $.011 11.00 

600-marlin clips placed @ $.005 3.00 

1-50 pr. cable tested 78 

1-50 pr. straight splice made 1.25 

3-15 pr. terminals placed @ $.40 ^ 1.20 

1-10 pr. terminals placed @ $.35 35 

3-15 pr. taps from 50 pr. cable @ $2.08 6.24 

3-15 pr. taps tested @ $.42 ^ * 1.26 

. 1-10 pr. taps from 50 pr. cable 2.01 

1-10 pr. taps tested 30 

1-bond placed 50 

T'ortion of ground cost 1/5 on basis of 1 ground to 
S,000 feet of cable. , ^.. - - .^Q 

Total .^ ^^A^ 
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Annual Charges: — As outlined in Chapter II, the result 
of adopting a certain type of construction must be figured 
in dollars and cents not only for the present time, but for 
future periods of five, ten, or twenty years hence. 

For general estimate work where no particular data as 
to local conditions affecting the life of the material or other 
factors affecting the annual charge is known, the figures 
given in Table XIX may be used. All figures are percent- 
ages of the first cost of the material in place, although where 
maintenance charges are likely to be an important factor 
in the final results, such charges should preferably not be 
expressed as a percentage of the cost of the installation. 
For instance, the most expensive installation may give the 
least maintenance cost, whereas on a percentagre basis the 
reverse would be shown. However, as the maintenance 
figure becomes a relatively small portion of the whole when 
the total annual charges are being considered, the mainte- 
nance cost is for convenience of computation expressed like 
the other items, as a percentage of first cost. Maintenance 
includes only items of current repair and does not cover 
operating expenses or reconstruction. 

'Depreciation" covers reconstruction. 



**^ 



Taxes are given at a uniform rate of 1 per cent, with J4 
per cent, added in the case of exchange poles, which is to 
care for local municipal taxes. 

Interest is taken at a uniform rate of 6 per cent, for all 
classes of construction. 
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TABLE XIX. 

ANNUAL CHARGES ON TELEPHONE 

CONSTRUCTION. 

Depre- Mainte- 



Underground conduit 6 

Toll line poles ^ 6 

Toll line crossarms 6 

Exchange poles — 6 

Exchange crossarms 6 

Messenger wire 6 

Terminals and cable boxes 6 

Aerial cable ^ 6 

Underground cable 6 

Bare copper, toll 6 

Bare copper, exchange. 6 

No. 14 twisted pair (drops) 6 

Iron wire, toll 6 

Iron wire, exchange 6 



>ces. ciation. 


nance. 


Total. 


1 2 


K> 


9^ 


1 SV2 


4 


19H 


1 11 


4 


22 


VA 12 


5 


24% 


1 12 


5 


24 


1 6 


3 


16 


1 8 


3 


18 


1 6 


3 


16 


1 3% 


1 


11^ 


1 2 


5 


14 


1 5 


5 


17 


1 9 


3 


19 


1 8^ 


5 


20^ 


1 14 


5 


26 
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TABLE XX. 

LEAD COVERED DRY CORE CABLE. 
DaU for No. 22 B. & S. Gauge. 

Weight 
lead per ft. 
pounds. 

.552 
.727 
.83 
1.16 
1.69 
2.1 
3.21 
3.75 
4.22 
4.95 



No. of 
pairs. 


Outside 

diameter 

inches. 


Thickness 

of sheath 

inches. 


Weight 

per ft. 

pounds. 


10 


.5 


1/12 


.60 


15 


.7 


1/12 


.8 


25 


.8 


1/12 


.95 


50 


1.0 


1/12 


1.4 


100 


1.4 


3/32. 


2.2 


150 


1.6 


3/32 


2.8 


200 


1.8 


% 


4.15 


300 


2.1 


Vs 


5.2 


400 


2.4 


Vs 


6.25 


600 


•-•• 


Vs 


8.1 



Weig: 

of copi 

per i 

poun4 

.04 

.07 

.12 

.24 

.51 

.70 

.94 

1.45 

2.03 

3.05 



TABLE XXI. 



DaU for No. 19 B. & S. Gauge, .080 Mutual Capacity. 



/ 



No. of 
pairs. 


Outside 

diameter 

inches. 


Thickness 

of sheath 

inches. 


Weight 

per ft. 

pounds. 


10 


.7 


1/12 


.9 


15 


.8 


1/12 


1.0 


25 


.9 


1/12 


1.3 


50 


1.2 


3/32 


2.1 


100 


1.7 


H 


4.0 


150 


2.0 


% 


4.9 


200 


2.2 


% 


5.8 


300 


2.5 


/% 


1A 



Weight 
lead per ft. 
pounds. 

.818 

.875 
1.04 
1.57 
3.12 
3.55 
3.91 



Weigl 

of copp 

per 1 

pounc 

.08 

.12 

.26 

.53 

.88 

1.35 

1.84 
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TABLE XXII. 



Data for No. 19 B. & S. Gauge, .054 Mutual Capacity. 



No. of 
pairs. 


Outside 

diameter 

inches. 


Thickness 

of sheath 

inches. 


Weight 

per ft 

pounds. 


10 


.8 


1/12 


1.1 


IS 


.9 


1/12 


1.2 


25 


1.1 


1/12 


1.5 


50 


1.4 


3/32 


2.4 


100 


2.0 


% ' 


4.4 


150 


2.3 


Vs 


5.6 



Weight 
lead per ft. 
. pounds. 

1.018 

1.075 

1.24 

1.87 

3.52 

4.25 



Weight 
of copper 
per ft. 
pounds. 

.082 

.125 

.26 

.53 

.88 

1.35 



TABLE XXtll. 
Data for Wool Insulated Cable, No. 22 B. & S. Gauge. 



Number 

of 

pairs. 


Outside 
diameter 
inches. 


Weight 
per foot 
pounds. 


100 


1.3 


2.3 


200 


1.75 


3.45 


400 


2.50 


6.00 



TABLE XXIV. 
Data for Rubber Cable, No. 22 B. & S. Gauge. 



"Number 

of 
pairs. 


Outside 
diameter 
inches. 


Weight 
per foot 
pounds. 


10 


1.0 


1.5 


15 


1.2 


1.8 


25 


1.5 


2.5 



TABLE XXV. 



Data for Okonite Cable, No. 


19 B. 


& S. 


Gauge. 


Number Outside 
of diameter 
PBlrs. inches. 






Weight 
per foot 
pounds. 


^S 1.1 






.(i^ 


SO 1.5 






\^^ 


W 2.3 






2.2^ 
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TABLE XXVI. 
Messenger Wire Data. 



Size. 


Wire 
diameter 
in inches. 


Breaking 
weight in lbs. 
minimum. 


Diameter 
of strand 
in inches. 


Weight 

per ft. 

pounds. 


10,000 lb. 


.120 


11,500 


H 




16,000 lb. 


.144 


18,000 


7/16 


.405 



TABLE XXVII. 

Splicer's Outfit. 
Tools: ' 

1 Plumber's gasoline furnace (filled with gasoline). 

1 6-inch solder pot. 

1 One-gallon enamel coffee pot, for compound. 

1 Stripping knife. 

1 One-gallon enamel coffee pot, for paraffin. 

1 Lead pipe dresser. 

1 Small mirror. 

1 Grease pot with stickers. 

1 Lead pipe scraper. 

2 Four-pound soldering irons. 

1 3-inch ladle for wiping metal. 
1 Pair of electrician's scissors. 

1 Sheet iron pan, 3 inches deep by 26 inches long, by 16 
inches wide. 

4 Pieces of flexible waterproof oilcloth, each 1 yard square. 
1 Tarpaulin, about 7 feet square. 

1 Lineman's test set. 
1 Tool bag. 

1 Tool chest, with hinged lid, padlock and handles. 
Material: 

1 Gallon jug filled with gasoline. 

5 Cakes of wiping metal (40%. tin, 60% lead by weigKt>» 
500 Tags. 

1 Roll of okonite tape. 
5 Rolls of friction tape. 
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1 Can of compound. 

1 Tin box full of paper sleeves one-eighth (%) inch inside 

diameter by two and one-half (2^) inches long, boiled 

in paraffin (for No. 22 B. & S. gauge wire). 
I Tin box full of paper sleeves three-sixteenths (3/16) 

inch inside diameter by three (3) inches long, boiled in 

paraffin for No. 19 B. & S. gauge wire. 
4 Sticks half and half solder. 
1 Sheet of manilla paper. .006" thick, 36" square. 
4 Rolls of muslin, 3" wide by 10 ft. long. 
1 Cake paraffin. 
3 Lead sleeves, size depending on the size of the cable 

upon which work is to be done. 



TABLE XXVIIL 



Weights of Lead Sleeves. 



1 


in. 


by 40 in. 


4 lb. 


8 oz. 


VA 


in. 


by 40 in. 


10 lb. 


8 oz. 


2 


in. 


by 40 in. 


13 lb. 


6 oz. 


2V2 


in. 


by 40 in. 


16 lb. 


6 oz. 


3 


in. 


by. 40 in. 


20 lb. 


oz. 


35^ 


in. 


by 40 in. 


22 lb. 


8 oz. 


4 


in. 


by 40 in. 


26 lb. 


8 oz. 


4% ] 


in. 


by 40 in. 







TABLE XXIX. 



Material Required for Splicing. No. 22 B. & S. Gauge Cable. 

Number of Pairs. 25 50 U 100 150 200 300 400 

Wiping metal, lbs... 1^2 3 3 4 5 7 8 

Paraffin, lbs 54 ^ 1 1 1^ 154 2 2 

Gasoline, gals %54^^1 1 1 1 

Size of sleeves, ms. 

^ straigrht splice VA 2 2Vi 2% 2Vi ^ SVa 3% 

v>e of sleeves, ins, 

"^"splices IJ^ 2j4 3 3\^ A A Ay^ K^h 
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TABLE XXX. 

Material Required for Splicing. No. 19 B. & S. Gauge Cable. 

Number of Pairs. 25 50 75 100 150 200 300 

Wiping metal, lbs 2 3 4 4% 6 7 8 

Paraffin, lbs J^ ^ 1 1 1% 1^ 2 

Gasoline, gals % % ^ J4 1 1 1 

Size of sleeve, ins. 

straight splice 1^ 2 2^/^ 3 3 3^ 4J4 

Size of sleeve, ins. 

"Y" splice VA 2y2 3 3% 4 45^ 4^4 



TABLE XXXL 

Change of Insulation Resistance and Electrostatic Capacity 

of No. 19 B. & S. Gauge Lead Covered Dry Core 

Cable With Change of Temperature. 



Temperature 


Insulation 


Capacity 


Degrees 


Megohms 


Microfarads 


Fahrenheit 


per mile 


per mile 


60 


7000 


.0800 


65 


4200 


.0807 


70 


2850 


.0814 


75 


2100 


.0821 


80 


1500 


.0828 


85 


1020 


.0836 


90 


910 


.0845 


95 


740 


.0859 


100 


600 


.0875 


105 


470 


.0895 


110 


360 


.0918 


115 


260 


.0944 


120 


180 


.0972 


125 


130 


AQQ^ 



Table XXXI from Handbook oi ^v^tie^c^e. X^x.^^'^^gt^'^^^ 
Cable Company, i^»;epaT ^4 >^ ^,^..^^^^^^> 



ADVERTISEMENTS 



The Quality that Wins 

in your service is that which makes for 
reliability and durability. 
Our 30 years' experience in the manu- 
facture of high grade telephone wire, 
together with most exacting service 
tests, give to 

* 'Standard'' 
Colonial Copper Clad Wire 

~" O.O.O."^ 

a guarantee of quality that removes 
it from the expensive experimental 
class of new and untried products. 
It stands among copper clad wires as 
E. B. B. does among iron wires — for the 
very highest quality. 
Will you allow us to send you the proof ? 
Write our nearest office. 

Standard Underground Cable Co. 

Pittsburgh, Pa. 

New York San Francisco St. Louis 
Boston Philadelphia Chicago 

For Canada: Standard Underground Cable Co. 
of Canada Limited, Hamilton, Ont. 



Bierce Gable Sleeves and Rollers 




Made both solid and split in all sizes. Any 
lineman can install them. Guaranteed to make a 
perfect joint under all conditions. Write for 
prices. 



^ ^ ^ Rollei- frame of forged 

^^^^^^S^^^^r^ steel. Roller protected by 
^^^J|^^^^ pressed steel discs. 

^HI^K 'I'hey are unbreakable 

^H^H and will last a lifetime. 

^^^^V Xo tools necessary for 

^^" placing on strand. 

Xo set screws to damage messenger wire. 
Does not strain messenger wire or bend it in 
any way. 

MANUFACTURED BV THE 

Specialty Device Company 

CINCINNATI, OWO 



AERIAL CABLE RINGS 



FOR CABLES AND DISTRIBUTING WIRES 

6 Low First Cost. a^K 

Small IP 

Maintenance Charges. ^r ^^ 

NEAT I I 

STRONG \ J 

EFFICIENT ^-^ 

TYPE "B" TYPE "D" 

t STYLE AND SIZE FOR ANY CABLE 

PricH KBd Suaplw m RaqoHt 

Cameron Appliance Co. 

EVKRXTT, MASS. 



39 IVATBIU AVK.. 




The Wireless 
Cable Tester 

Patented in United 
States and Canada. 
Guaranteed to 
locate any cable 
trouble that can be 
located by the In- 
duction Method. 
Booklet gf^nt oil RcgiiPEl. 

Electric Spedalty 
Mfg. Co., 







MoflEl iSO— Trl] 




\A/ESTON 

Miniature Precision 
Instruments 

FOR DIRECT CURRENT 

A Now Group of Very Small Indi- 

catinE Initnimenti 

COIPiW.- iCCDRATI - DDHABLE - BElUTirDL 

PORTABLE 

Voltmeters, MUIivoltmeteCB, 

Volt- Ammeters, Ammeters, 

Mil- Ammeters 

are supplied in single, double and 

triple ranges. 

Tile triple range Volt-Ammeter 
ciim prising six instruments in one. 
This group also includes 
Batterer Testers 

SWITCHBOARD 

Voltmeters, Volt- Ammeters, 
Ammeters, Mil- Ammeters. 

This new line of instruments rep- 
resents the latest development of 
the pivoted moving coil, permanent 
magnet type for low ranges. 

The refinement of design and me- 
chanical work in them has been car- 
ried to a degree which would ap- 
pear to be almost impossible of ac- 
complishment, if the results were 
not evident in the instruments 

They embody characteristics 
which have made the well-known 
Weston Standards famous through- 
out the world. 



Weston Electrical Instnunent 



MARUNE CABLE HANGERS 



C^finmtt§dsfttif 



TlLapnna €0stfy oftra 




Made in ac- 
c o r d a nee 
with A. T. & 
T. Co.'s spec- 
i f 1 c a tion. 
Hooks-Made 
of steel wire 
.148" diam- 
meter. Galvanized by hot dip process after 
being formed. Houseline-Three ply and of best 
quality, pure, double dressed American Hemp, 
thoroughly saturated with Southern Pine Tar. 

We guarsLittee the quality and <workmanshq) 

NATIONAL TELEPHONE SUPPLY COMPANY 

CLEVELAND, OHIO 



/ 



Telephone Construction 
Methods and Cost 

By CLARENCE MAYER 

with additional data by J. C. SLIPPY and others 

THIS is by all odds the most complete and systematic 
record of costs for any one class of construction 
work that has ever been published. There are over 
150 tables of cost data averaged from hundreds of jobs 
by items. The methods described and illustrated are 
the most recent standards of progressive telephone and 
electric companies. 

The book describes: Methods and Cost of Pole Line Con- 
struction, of Cable Construction, of Cable Splicinsr, of Removlnsr 
Old (Line and of Reconstruction, of Constructing Underground 
Conduit, Detailed Cost of Constructing 824,862 Duct Feet of 
Underground Conduit and 318 Vaults in One Job, Miscellaneous 
Costs and Special Data, etc., etc. 

doth, 6x9 inches; 800 pages; 100 illnstrations; 157 tables-; 

price $4.00 net, postpaid. . 

The Myron C. CiatV. VuYXvsVCvxvsg, ^^A 

608 S. Deartorn atreet. CTL153XaO, TiVS^ 
13-21 Parfe Kow, lATST^ ^0^"«.. 



CABUE TCRIBNALS 

CABLE sreOALTIES 

ncA FUSSES ae all einds 

"HandbtN^ of Standard Telephone 
G>nstnidion Methods" 

250 p^e* of maririlkn. 

Pocfa* Stv. Low Lnf, Booad te BbdE Leatfcet. 

Price KW poibf« FR^aid. 

FRANK B. HALL, Newton Falls. Ohio. 




Pole Line 
Constroction Tools 



Hathias Klein & Sons Co. 




Peerless Testing Sets 

without an equal tor accuracy of 

results, diu-abillty in service and 
beauty of design. 

Send for Bullalio S510 

Thompson-Levering Company 




USE WEBSTER LOOSE LEAF FILE 

ADOPTED BY THE UNITED STATES QOVERNMENT. 
FOR EASY PIUNG AND HANDUNG OF 

Cable Specifications, 
Cable Plans. 

Cable R.ecords, 

Cost Sheets. 

WorK Reporl 

Adaptable to all forms used in Telephone Construct! 
Operation and Maintenance. 
MOST ECONOMICAL MOST EFFICEF 



For full infomullon addre** 

Webster Loose Leaf Filing Co. 

LOUISVILLE, KY. 
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